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Exetutivt  Dtreetor:  EUNICE  THOMAS  MINER 


SECTION  OF  BIOLOGY* 


SEMINAL  VESICLE  RESPONSE  AS  AN 

ASSESSMENT  OF  ANDROGENIC 
ACTIVITYf 

By  J.  H.  LEATHEMt 

The  response  of  the  rat  seminal  vesicle 
as  a  possible  assay  end  point  for  andro- 
genicity  received  considerable  impetus  from 
the  reports  of  Hays  and  Mathieson^  and 
Wills,  Rampton,  and  Pugsley.*  A  maximal 
seminal  vesicle  weight  increase  was  ob¬ 
tained  72  hours  after  an  injection  of  0.25 
mg.  of  testosterone  propionate  in  castrated 
rats.  A  seminal  vesicle  weight  increase  of 
the  same  degree  can  be  induced  in  22-day- 
old  normal  rats.  The  response  is  not  in¬ 
fluenced  by  the  volume  of  the  vehicle  but  is 
altered  by  the  route  of  administration.* 

Testosterone  propionate  will  quickly  in¬ 
crease  the  oxygen  consumption,  fructose 
content,  water,  and  weight  of  the  seminal 
vesicle  of  castrated  rats.*  In  normal  rats, 
we  have  found  that  0.25  mg.  of  testosterone 
propionate  increased  seminal  vesicle  weight 
214  per  cent  in  72  hours  and  increased  water 
content  from  78.0  to  82.0  per  cent.  This 
steroid  will  restore  the  alkaline  phosphatase 
enzyme  concentration  to  normal  levels  from 
the  subnormal  levels  of  the  castrate.  Both 
chemical  and  histochemical  evidence  sup¬ 
port  the  androgen-enzyme  relationship.®*  ® 
In  general,  alkaline  phosphatase  enzyme  in 
the  rat  seminal  vesicle  is  concentrated  in  the 
subepithelial  stroma,  with  little^  or  none® 
in  the  epithelium .  After  3  hours’  incubation 
in  glycerophosphate,  the  normal  22-day-old 
rat  gland  exhibited  some  slight  nuclear  re¬ 
action  in  the  epithelium,  but  the  major  con¬ 
centration  was  seen  in  the  subepithelial 


*  The  Section  of  Geolo^  and  Mineralon*  held  a  meeting 
on  May  1,  1950,  at  which  &tt  Walton  read  a  paper  entitled 
“The  Blashke  Island  Ultrabasic  Complex,  Southeastern 
Alaska.”  No  abstract  of  this  paper  has  been  received. 

t  On  May  8,  1950,  the  Section  of  Biology  held  a  symposium, 
presided  over  by  W.  W.  Scott  of  the  Johns  Hopkins  University 
School  of  Medicine,  on  “Recent  Studies  on  the  Mammalian 
Male  Sexual  Accessory  Glands.”  This  paper,  illustrateu  with 
lantern  slides,  was  the  first  of  four  presents  at  the  s^posium. 

t  Department  of  Zoology,  Rutgers  University,  New  Bruns¬ 
wick,  New  Jersey. 


Stroma.  No  change  in  enzyme  distribution 
was  observed  72  hours  after  injection  of 
0.25  mg.  of  testosterone  propionate. 

A  definite  weight  response  can  be  in¬ 
duced  with  50  micrograms  of  the  androgen 
in  castrated  rats.*  We  have  studied  three 
groups  of  22-day-old  normal  rats  after 
dosages  of  25  and  50  micrograms  given  as  a 
single  subcutaneous  injection.  After  72 
hours,  seminal  vesicle  weight  was  35,  54, 
and  87  per  cent  above  control  weight  with 
25  micrograms  and  57,  105,  and  110 
per  cent  above  control  weight  with  50 
micrograms. 

Since  a  200  per  cent  seminal  vesicle  weight 
increase  can  be  induced  72  hours  after  0.25 
mg.  of  testosterone  propionate  administra¬ 
tion,  it  was  of  interest  to  test  other  andro- ; 
gens  in  the  22-day-old  rat.  Single 
subcutaneous  injections  of  0.25  mg.  of 
testosterone,  androsterone,  dehydroiso- 
androsterone,  epitestosterone,  vinyl  testos¬ 
terone,  androstanediol  3,  17  diacetate  failed 
to  induce  a  response,  but  testosterone 
hexahydrobenzoate  did  increase  seminal 
vesicle  weight  100  per  cent.  Increased  f 
dosages  of  varied  androgens  were  studied  to . 
determine  their  relative  androgenic  action  | 
on  the  rat  seminal  vesicle,  and  these  data  are . 
presented  in  table  l.f 

These  data  are  of  interest  initially  in 
comparison  of  testosterone,  androsterone, 
and  dehydroisoandrosterone.  Parkes  and 
Emmens®  compiled  a  table  of  androgenic 
activity  as  gained  from  capon  comb  response 
and  found  that  15  micrograms  of  testos-j 
terone  induced  the  same  response  as  100  j 
micrograms  of  androsterone,  whereas  200  to  I 
300  micrograms  of  dehydroisoandrosterone 
was  needed  to  duplicate  the  action.  When 
these  same  androgens  were  studied  in  the 
rat,  the  seminal  vesicle  stimulating  activity 
appeared  to  be  virtually  the  same  (table  1). 

•  This  investigation  was  supported  in  part  by  a  grant  froa 
E.  R.  Squibb  &  Sons  to  the  Protein  Metabolism  Fund  of  the 
Bureau  of  Biological  Research,  Rutgers  University. 

t  The  androgens  were  generously  supplied  by  Ciba  Phu- 
maceutical  Products,  Summit,  New  Jersey. 
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Kochakian*®  found  that  the  percentage  in¬ 
crease  in  combined  seminal  vesicle  and 
prostate  weight  was  the  same  30  days  after 
pellet  implantation  of  androsterone  and 
dehydroisoandrosterone  but  that  testos¬ 
terone  was  much  more  active. 

With  the  exception  of  testosterone,  more 
general  agreement  was  observed  in  compar¬ 
ing  capon  comb  and  seminal  vesicle  weight 
response.  In  the  capon,  the  following  an- 


Table  1 


Seminal  Vesicle  Weight  Response  op  22- 
Day-Old  Rats  72  Hours  After  a  Single 
Subcutaneous  Steroid  Injection 


Steroid 

Testosterone  prop. 

Testosterone  nexahydro- benzoate 
Methyl  testosterone 
17  Methyl  dihydrotestosterone 


Dihydrotestosterone 


Ymyl  testosterone 

Testosterone 
Androsterone 
Dehydroisoandrosterone 
Epitestosterone 
Epitestosterone  prop. 

2  Bromo-testosterone  hexahydro- 
benzoate 


M  axi- 

Sem. 

mum  ‘ 

ves. 

dose 

in¬ 

injn. 

crease 

mg. 

% 

0.25 

2004 

0.25 

100 

0.75 

63 

1.0 

43 

2.0 

133 

3.5 

215 

1.0 

48 

3.5 

93 

5.0 

192 

2.5 

60 

5.0 

100 

3.5 

70 

3.5 

60 

3.5 

60 

3.5 

0 

2.5 

27 

3.5 

93 

2.5 

0 

drogens  are  listed  in  descending  order  of 
their  activity:  testosterone,  methyl-dihydro- 
testosterone,  dihydrotestosterone,  methyl 
testosterone,  androsterone,  dehydroisoan¬ 
drosterone  and  cis-testosterone.®  In  the  rat, 
methyl-testosterone  may  be  slightly  more 
active  than  17  methyl-dihydrotestosterone 
and  both  were  more  active  than  dihydro- 
testosterone.  V^inyl  testosterone  was  more 
active  than  testosterone  which,  at  best,  was 
little  more  active  than  androsterone  and 
dehydroisoandrosterone.  Epitestosterone 
has  little  activity  in  the  capon,  and  no  re¬ 


sponse  was  obtained  with  3.5  mg.  in  rats. 
However,  esterification  clearly  increased  the 
activity  of  this  steroid. 

Summary.  An  increase  in  seminal  vesicle 
weight  of  the  immature  rat  is  readily  ob¬ 
tained  72  hours  after  a  single  subcutaneous 
injection  of  testosterone  propionate. 
Water  content  of  the  glands  is  increased,  but 
histochemical  alkaline  phosphatase  concen¬ 
tration  is  not  changed.  Assessment  of 
other  androgens  permits  some  estimation  of 
comparative  androgen  activities  and  indi¬ 
cates  that  differences  exist  between  capon 
comb  and  seminal  vesicle  responses. 
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THE  RESPONSE  OF  THE  MALE 
MOUSE  SEX  ACCESSORIES  TO 
TESTOSTERONE  DURING  INANI¬ 
TION*-  t 

By  E.  D.  GOLDSMITHt  and  R.  F. 

NIGRELLI§ 

A  number  of  investigators  have  demon¬ 
strated  that  optimum  growth  in  several 
groups  of  animals  requires  adequate  sup¬ 
plies  of  pteroylglutamic  acid  (PGA).  Folic 
acid  has  been  shown  to  be  essential  for 
metamorphosis'  and  growth*  of  several 
species  of  insects.  Goldsmith  and  Hamly* 
have  reported  that  both  a  crude  antagonist 
(X  methyl  PGA,  Lederle)  and  an  antagonist 
of  known  chemical  structure,  4-amino  PGA 
(Aminopterin,  Lederle),  prevented  the  de¬ 
velopment  of  the  larvae  of  the  fruit  fly. 
Drosophila  melanogaster,  into  adult  flies. 
The  inhibitory  effects  have  been  overcome 
with  large  amounts  of  PGA  and  much 
smaller  quantities  of  deso.xyribonucleic 
acid.^  Chicks  and  monkeys  maintained  on 
a  diet  deficient  in  PGA  showed  a  decreased 
growth  response  of  the  female  genital  tract 
to  estrogens.®  A  PGA  deficiency  produced 
by  the  administration  of  PGA  analogues 
has  resulted  in  a  reduced  response  to  female 
sex  hormone  of  the  oviducts  of  the  rat,* 
chick,®-  *  and  frog.*-  ® 

Since  PGA  is  apparently  required  by 
diverse  tissues  for  their  optimum  growth, 
it  was  intriguing  to  explore  the  growth  re¬ 
actions  of  the  sexual  accessory  glands  of 
testosterone-treated  castrate  male  mice 
maintained  on  a  ration  containing  a  PGA 
antagonist.  Extensive  experiments  re¬ 
vealed  that  the  seminal  vesicle-coagulating 
gland  complex  of  the  castrate  mice  fed  a 
Purina  chow  diet  contaming  either  X 
methyl  PGA  (Lederle)'*  or  4-amino-N'®- 

*  On  May  8,  1950,  the  Section  of  Biology  held  a  s^posium, 
presided  over  by  W.  W.  Scott  of  the  Johns  Hopkins  University 
School  of  Medicine,  on  “Recent  Studies  on  the  Mammalian 
Male  Sexual  Accessory  Glands.”  This  paper,  illustrated  with 
lantern  slides,  was  the  second  of  four  presented  at  the  sym¬ 
posium. 

t  This  investigation  was  supported  in  part  by  a  research 

frant  from  the  National  Cancer  Institute  of  the  National 
nstitutes  of  Health,  U.  S.  Public  Health  Service. 

t  College  of  Dentistry,  New  York  University,  New  York, 
N.  Y. 

§  New  York  Zoological  Society  and  Department  of  Bi¬ 
ology.  New  York  University,  Washington  Square,  New  York, 

N.  Y. 


methyl  PGA  (Amethopterin,  Lederle)"  did 
not  grow  as  well  as  did  those  in  the  mice  on 
the  control  stock  diet.  Pretreatment  with 
and  administration  of  large  quantities  of 
PGA  concurrently  with  the  Amethopterin  ( 
negated  the  action  of  the  antagonist.  j 
Although  the  evidence  in  favor  of  the  view  I 
that  folic  acid  was  required  for  the  satis- 1 
factory  growth  response  of  the  male  ac- 1 
cessories  to  the  male  sex  hormone  appeared  | 
ample,  the  considerable  weight  loss  of  the  I 
antagonist-treated  mice  made  it  necessaiy  I 
to  ascertain  w-hether  the  observed  reduced  [ 
growth  response  of  the  accessories  of  this  ( 
group  to  testosterone  might  be  due  not  to  a  I 
lack  of  folic  acid  per  se  but  rather  to  the  I 
concomitant  inanition.  It  is  true  that  it  j  we 
had  been  reported  previously  that  inanition  |  inj 
in  the  rat'*-  '*  did  not  alter  the  potentiality  f 
of  the  sex  accessories  to  respond  to  either  j  pr 
gonadotrophin  or  testosterone.  Additional  i  on 
evidence  supporting  this  finding  is  to  be:  his 
found  in  the  work  of  Mason  and  Wolfe,"'  pe 
and  Werner.'®  Studies  on  the  chick,"  t  mi 
guinea  pig,'*  and  man'®  have  also  yielded  |  ha 
similar  results.  Nevertheless,  as  a  further  i  Bo 
check,  it  was  considered  desirable  to  investi-  pa 
gate  the  reaction  of  the  accessory  sexual  wii 
glands  of  the  castrate  mouse  to  testosterone  ] 
during  inanition.  bo 

Tw-enty-eight  to  thirty-three  day-old  bo 
CFW  mice  were  castrated  and  were  placed  of 
on  a  Purina  chow-  ration  for  20  days.  The  nif 
animals  were  then  divided  into  3  groups;  j  Hi 
(1)  and  (3)  were  fed  ad  libitum  (approxi-  the 
mately  4  gm.  per  day);  (2)  was  restricted  ani 
to  1  gm.  per  day.  A  fourth  group  was  com-  gla 
posed  of  normal  non-castrates  of  the  ina 

same  age.  wh 

In  TABLE  1,  the  results  of  a  typical  ex- 1  tes 
periment  are  tabulated.  After  7  days,  the  I  ani 
mice  in  group  2  had  lost  about  J  of  their  |  ] 

total  body  weight.  At  this  time,  daily  the 
parenteral  administration  of  1  mg.  of  mo 
testosterone  propionate*  in  0.04  cc.  of  mo 
sesame  oil  or  an  equivalent  quantity  of  tah 
sesame  alone  was  initiated.  All  animals  gjjp 

*  The  testosterone  propionate  (Perandren)  was  generoud;  Utl. 

supplied  by  Dr.  F.  F.  Yonkman  and  Dr.  F.  L.  Mohr  of  CiU 
Pharmaceutical  Products.  Of  ] 
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Table  1 


Underfeeding  and  the  Response  of  Sexual  Accessories  of  Castrate  Male  Mice  to 

Testosterone 


No. 

1  survivors 

Group*  per  group 

Procedure 

Orig. 

bodyui. 

iim.) 

Final 
body  let. 
(«»»■) 

Accessory 

u4. 

(mg.) 

Accessory  wt.  (mg.) 
100  gms.  body  wt. 

1  14 

Fed  ad  lib.  11  days.  1  mg. 

18.9 

23.2 

55.3 

237.7  ±42. 2t 

j  2  30 

testosterone  injected  daily 
last  5  days 

Fed  \  ad  lib.  \  \  days.  1  mg. 

21.4 

13.9 

14.1 

102.2  ±18.7 

3  8 

testosterone  injected  daily 
last  5  days. 

Fed  ad  lib.  11  days.  Sesame 

18.0 

23.5 

6.4 

29.6  ±  3.0 

1  4  5 

oil  injected  daily  last  5 
days. 

Fed  ad  lib.  No  treatment 

21.7 

24.1 

205.3 

865.5  ±73.1 

this  i  *  Groups  1,  2,  and  3  composed  of  animals  castrated  at  28-33  days  of  age.  Experimental  treatment  instituted  20  days  after 
^  dstration.  Group  4  mice  were  normal  non-castrates, 
to  a  !  t  Average  deviation. 


the 
It  it 
tion 
ility 
ther  I 
inal 


ded  I 
ther  I 
?sti- ! 
iual 
one 

-old 

ced 

rhe 
ips;  f 
3xi-  ‘ 
ted  ‘ 
im-  [ 
the! 

r 

I 

I 

ex- 

the 

leir 

lily 

rf 

of 

of 

lals 

iisljf 

^ibi 


were  sacrificed  24  hours  after  the  fifth 
injection. 

Seminal  vesicles,  coagulating  glands,  and 
prostates  were  removed,  weighed  as  a  unit 
on  the  torsion  balance,  and  prepared  for 
histological  examination.  When  the  ex¬ 
periment  was  terminated,  50  per  cent  of  the 
mice  in  group  2  had  died  and  the  survivors 
had  lost  about  |  of  their  initial  body  weight. 
Both  the  fatalities  and  weight  loss  were  com¬ 
parable  to  those  observed  in  animals  treated 
with  Amethopterin  during  a  similar  period. 

Examination  of  the  table  reveals  that 
both  on  an  absolute  and  on  a  100  gm.  per 
body  weight  basis  the  accessory  genitalia 
of  die  mice  on  the  restricted  diet  were  sig¬ 
nificantly  lighter  than  those  fed  od  libitum. 
Histological  examination  demonstrated  that 
the  seminal  vesicles  were  juvenile  in  appear¬ 
ance  and  contained  no  secretion.  The 
glandular  epithelial  cells  were  lowest  in  the 
inanition  group.  The  periurethral  glands, 
which  serve  as  an  excellent  indicator  of 
testosterone  activity,  were  absent  in  these 
animals. 

It  would  thus  appear  that  the  response  of 
the  accessory  sex  organs  in  the  castrate 
mouse  to  a  sufficient  supply  of  male  sex  hor¬ 
mone  is  governed  by  an  adequate  food  in¬ 
take.  It  is  hoped  that  completion  of 
experimental  work,  now  in  progress, 
utilizing  purified  diets  deficient  in  folic  acid 
or  pyridoxine,  and  the  treatment  of  starved 


animals  with  the  several  factors  of  the  B 
complex,  alone  and  in  combination,  may 
further  clarify  the  situation. 
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THE  INFLUENCE  OF  CERTAIN 
STEROIDS  ON  THE  BEHA\TOR 
OF  HUMAN  PROSTATIC  CANCER* 

By  J.  B.  TRUNNELL  and  B.  J. 

DUFFY,  JR.f 

Ten  years  have  passed  since  Huggins’  and 
Herbst®  first  demonstrated  the  spectacular 
improvement  which  follows  castration  or 
estrogen  therapy  in  patients  with  cancer 
of  the  prostate  gland.  The  decade,  however, 
has  been  one  of  sharp  contrast  between 
bright  hope  and  keen  disappointment.  In 
a  recent  review,  “Chemotherapy  of  Malig¬ 
nant  Disease,”  Gellhorn  and  Jones®  have 
said,  “to  date  androgen  control  therapy  of 
prostate  gland  cancer  has  provided  the 
single,  most  outstanding,  practical  contri¬ 
bution  to  the  chemotherapy  of  malignancy.” 
A  consideration  of  the  five-year  survival 
data  in  a  large  series,®  however,  calls  forth 
real  doubt  that  these  measures  significantly 
prolong  life,  a  fact  which  only  heightens  the 
need  for  investigation  in  this  fallow  field. 

Failure  to  understand  the  modus  operandi 
of  control  in  these  cases  hinders  one  in 
comprehending  the  now  crucial  problem  of 
relapse.  Several  hypotheses  have  never¬ 
theless  been  advanced  to  explain  in  general 
terms  these  closely  integrated  phenomena. 
The  most  popular  explanation  is  that  ad¬ 
vanced  by  Huggins.®  This  investigator 
postulated  that  the  removal  of  androgen 
producing  tissue  or  the  peripheral  neu¬ 
tralization  of  androgens  deprives  prostatic 
tumor  cells  of  a  substance  essential  to  their 
prosperity.  He  explained  relapse  in  terms 
of  either  (1)  increased  production  of  adrenal 
androgen,  or  (2)  the  dev^elopment  of  “andro¬ 
gen  independence.”  A  few  patients  in 
relapse  have  been  subjected  to  removal  or 
irradiation  of  the  hypophysis  or  of  the 
adrenal  glands.  The  present  impractica¬ 
bility  of  such  surgical  procedures  and  the 

*  On  May  8,  1950,  the  Section  of  Biology  held  a  symposium, 
presided  over  by  W.  W.  Scott  of  the  Johns  Hopkins  University 
School  of  Medicine,  on  “Recent  Studies  on  the  Mammalian 
Male  Sexual  Accessory  Glands.”  This  paper,  illustrated  with 
lantern  slides,  was  the  third  of  four  presented  at  the  sympo¬ 
sium.  A  fourth  paper,  entitled  “Further  Hormonal  Relation¬ 
ships  in  Prostatic  Growth  ”  was  presented  by  Doctor  Scott. 
No  abstract  of  this  paper  has  been  received. 

t  The  Sloan-Kettering  Institute  for  Cancer  Research,  New 
York,  New  York.  Dr.  Trunnell’s  present  address  is:  M.  D. 
Anderson  Hospital,  University  of  Texas,  Houston,  Texas. 


inconsistency  of  the  radiation  results  led  us 
to  search  for  more  physiologic  means  of 
inhibiting  androgen  production. 

Albright*  has  proposed  that  androgen 
production  by  both  the  adrenals  and  the 
testes  is  largely  controlled  by  the  luteinizing 
or  interstitial  cell-stimulating  hormone  (LH 
or  ICSH).  It  has  long  been  believed  that 
the  output  of  a  pituitary  trophic  hormone 
is  inhibited  by  the  hormone  of  the  gland  , 
which  it  stimulates.  In  accordance  with 
this  principle,  androgens  and  progesterone  , 
are  both  thought  to  depress  the  output  of  i 
LH  in  normal  endocrine  physiology.  Ex-  j 
ogenous  androgen  or  progesterone  might  ( 
therefore  be  expected  to  reduce  the  avail-  j 
ability  of  LH  and,  secondarily,  to  reduce  i 
the  elaboration  of  endogenous  androgens.  | 

In  the  interest  of  keeping  the  total  (e.x-  ) 

ogenous  and  endogenous)  androgen  at  a  i 
minimum,  progesterone,  though  slightly  J  j 
androgenic,  was  selected  for  initial  clinial  f  ( 
trial.*  This  compound  was  administered  [  t 
in  doses  of  25-300  mg.  daily,  either  as  an  |  j 
aqueous  suspension  or  dissolved  in  oil.  [ 
Fifteen  patients  have  been  so  treated. !  ( 
Eight  of  these  were  previously  untreated,  7  i  p 
responding  well.  The  single  treatment '  2 
failure,  subsequently,  also  was  not  benefited  t  \ 
by  castration.  Seven  other  patients  were  ?  p 
in  spontaneous  relapse  following  remission  j  i 
induced  by  castration  or  by  estrogen  [  b 
therapy.  Six  of  these  also  responded  I  j, 
favorably  to  progesterone  administration,  p 
One  or  more  patients  showed  disappearance  j 
of  pain,  return  of  appetite,  weight  gain,  cor-  tl 
rection  of  anemia,  relief  of  urinary  obstruc-  p] 
tive  symptoms,  return  to  gainful  employ-  jj 
ment,  and  lowering  of  the  serum  acid  1  p 
phosphatase  levels,  accompanied  by  an  j 
alkaline  phosphatase  flare.t  Whether  the 
reasoning  which  led  to  its  trial  was  correct,  I 
these  experiments  demonstrated  proges¬ 
terone  to  be  an  effective  therapeutic  agent  * 
in  the  treatment  of  prostatic  cancer.  ® 

A  troublesome  pharmacologic  problem 

ei 

•  Supplied  through  the  courtesy  of  Dr.  E.  C.  Reifensteil  ° 
Jr.,  of  Ayerst,  McKenna,  and  Harrison,  Ltd.,  and  Dr.  Edwaiil  I  qi 
Henderson  of  the  Schering  Corporation.  I 

t  During  initial  stages  of  favorable  response,  patients  vith  I  tc 
bone  metastases  often  show  a  rise  in  alkaline  ^osphatase  be 
fore  the  level  of  this  enzyme  begins  to  fall.  This  is  thougbt  ‘  ci 
to  be  a  function  of  bone  regrowth  in  perimetastatic  areas. 
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arose,  however,  in  that  the  majority  of  pa¬ 
tients  developed  painful  induration  at  the 
site  of  intramuscular  injection.  In  an 
attempt  to  resolve  this  difficulty,  other 
routes  of  administration  were  employed. 
Taken  orally,  progesterone  is  relatively 
inactive.  In  the  female,  however,  preg- 
neninolone  (anhydro-hydroxy-progesterone 
or  ethinyltestosterone)  by  mouth  is  an 
effective  progestational  agent.  Under  the 
latter  circumstances,  it  is  felt  to  possess 
only  about  one-tenth  the  activity  of  paren- 
terally  administered  progesterone.  It  was 
in  the  use  of  pregneninolone  that  we  first 
observed  evidence  of  pluripotential  re¬ 
sponse.  Several  patients  improved  dra¬ 
matically  on  oral  pregneninolone  thera.py 
(25-100  mg.  per  day),  whereas  other  pa¬ 
tients  receiving  similar  doses  grew  rapidly 
worse,  with  rises  in  the  serum  acid  and 
alkaline  phosphatases  accompanying  clinical 
deterioration.  There  seemed  little  doubt 
that  pregneninolone  had  a  variable  effect  on 
prostatic  cancer. 

A  similar  dual-effect  potentiality  was  then 
observed  in  a  patient  receiving  progesterone 
parenterally.  He  had  been  controlled  with 
200  mg.  per  day  (intramuscularly  in  oil), 
but,  when  a  total  of  1500  mg.  progesterone 
pellets  was  implanted  subcutaneously,  he 
became  rapidly  worse.  Pain  returned  al¬ 
most  at  once,  and  the  phosphatase  values 
rose  to  very  high  levels.  On  a  dosage- 
response  basis,  pellets,  because  of  constant, 
slow  absorption,  are  much  more  effective 
than  single  daily  injections.  It  appieared, 
therefore,  that  in  this  patient,  whose  cancer 
had  been  suppressed  at  one  dosage  level  of 
progesterone,  there  was  unquestionable 
stimulation  at  a  higher  level. 

Having  observed  this  behavior  in  two 
compounds,  we  began  to  wonder  if  the  same 
tendency  might  be  observable  in  the  use  of 
estrogen  or  of  testosterone.  The  latter  sub¬ 
stance  has  often  been  said  to  stimulate  the 
growth  of  prostatic  cancer  to  a  marked 
degree.  As  mentioned,  however,  testos¬ 
terone  should  theoretically  be  capable  of  de¬ 
creasing  endogenous  androgen  production. 


and,  if  this  result  could  be  achieved  with 
small  quantities,  the  total  (exogenous  and 
endogenous)  androgen  level  might  be 
lowered  sufficiently  to  inhibit  tumor  growth. 

We  were  rather  surprised  to  find  that 
only  6  out  of  21  patients  could  be  made  to 
exhibit  clear-cut  evidence  of  tumor  stimu¬ 
lation  when  given  testosterone.  In  fact, 
one  patient  received  100  mg.  testosterone 
propionate  daily  for  one  month  without 
stimulating  effect.  Indeed,  Brendler^  has 
reported  testosterone  therapy  of  3  patients 
with  prostatic  cancer  with  clinical  improve¬ 
ment.  Some  of  our  patients,  as  well,  have 
claimed  to  feel  better  following  injection  of 
small  doses  (10-15  mg.)  of  testosterone, 
but  we  have  seen  no  corresponding  altera¬ 
tion  in  the  serum  acid  phosphatase  level. 
The  latter  failure  may  be  attributed  to  the 
fact  that  patients  so  studied  in  our  clinic 
were  seen  at  weekly  intervals.  Hence,  it  is 
possible  that  transient  lowering  of  phos¬ 
phatase  values  occurred  but  w'ere  not 
measured.  It  may  be  mentioned  in  passing 
that  those  patients  who  did  exhibit  sensi¬ 
tivity  to  testosterone  (were  made  worse) 
showed  an  improved  response  to  estrogens 
following  such  stimulation.  Taken  as  a 
whole,  these  observations  on  the  influence 
of  testosterone  do  not  convincingly  demon¬ 
strate  the  divergent  capabilities  (stimula¬ 
tion  and  control)  clearly  shown  following 
treatment  with  either  progesterone  or 
pregneninolone.  They  suggest,  neverthe¬ 
less,  that  under  appropriate  circumstances 
such  demonstration  may  be  forthcoming. 

It  has  been  even  more  difficult  to  obtain 
evidence  that,  at  high  dosage  levels,  estro¬ 
genic  substances  might  also  stimulate  pros¬ 
tatic  cancer  activity.  In  fact,  at  least  one 
group  of  investigators®  has  failed  to  observe 
stimulation  with  doses  of  500  mg.  of  stil- 
bestrol  per  day  over  periods  of  several 
months.  Scott,®  on  the  other  hand,  has 
seen  increased  pain  and  elevation  of  acid 
phosphatase  values  in  a  patient  given  estro¬ 
gens.  These  changes  were  reversed  when 
estrogen  administration  was  discontinued. 
We  have  observed  similar  changes  in  a 
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patient  who  received  680  mg.  estrone* 
intravenously  together  with  96  mg.  ethinyl 
estradiol  orally  during  an  8-day  period.  He 
was  subsequently  brought  under  control 
with  progesterone. 

Seyle*®  has  called  attention  to  a  “periodic 
table  of  the  steroids”  in  which,  like  the 
chemical  elements,  he  has  arranged  certain 
steroid  hormones  according  to  their  biologi¬ 
cal  activity.  Our  experience  with  four 
steroid  hormones  (namely,  estrogen,  proges¬ 
terone,  pregneninolone,  and  testosterone) 
has  led  us  to  feel  that,  in  the  order  named, 
these  substances  may  be  similarly  arranged, 
and  that  further,  probably  as  a  function  of 
dose  size,  prostatic  cancer  appears  to  be 
either  controlled  or  stimulated  by  each 
compound.  In  other  words,  following  ad¬ 
ministration  of  the  compounds  named 
above,  eight  responses  are  predictable. 
Actually,  we  have  observed  six  of  these 
responses  and  even  have  some  inconclusive, 
but  suggestive,  data  concerning  the  re¬ 
maining  two  (stimulation  with  large  doses 
of  estrogens  and  inhibition  with  small  doses 
of  testosterone). 

The  foregoing  concept,  which  is  con¬ 
siderably  less  rigid  than  the  older  “androgen 
neutralizes  estrogen”  idea,  serves  as  a 
starting  point  for  possible  explanation  of 
some  heretofore  perplexing  aspects  of 
therapy  of  this  disease.  In  order  not  to  be 
prematurely  lured  into  serious  considera¬ 
tion  of  these  explanations,  however,  we  must 
remain  cognizant  that  an  imposing  number 
of  other  variables  exists.  In  mentioning 
only  the  more  obvious  of  these,  we  may  list 
competence  of  hepatic  functions;  duration 
and  extent  of  the  cancer;  presence  or  ab¬ 
sence  of  the  testes;  and,  perhaps  most  im¬ 
portant  of  all,  the  availability  of  certain 
essential  nutritional  factors.  In  the  latter 
connection,  we  have  been  intrigued  by 
reports  of  Hertz”  and  others,  who  have 
shown  that  folic  (pteroylglutamic)  acid 
deficiency  will  not  permit  estrogen  to  e.xert 
its  usual  growth  stimulating  influence  on 
the  chick  oviduct.  These  workers  have 

*  Premarin  solution  supplied  by  Dr.  E.  C.  Reifenstein,  Jr., 
of  Ayerst.  McKenna,  and  Harrison,  Ltd. 


shown  that  the  estrogen  effect  may  be  pre¬ 
vented  equally  well  by  a  folic  acid-deficient 
diet  or  by  a  folic  acid  antagonist.  In  either 
instance,  the  administration  of  folic  acid 
restores  incompletely  the  ability  of  the 
oviduct  tissue  to  respond  to  estrogen.  We 
have  twice  observed  in  one  patient  that  the 
folic  acid  antagonist,  a-methopterin  (4- 
amino-n-methylfolic  acid)  apparently  de¬ 
prived  estrogen  of  its  ability  to  control 
prostatic  cancer.  This  man  was  fairly  well 
controlled  with  estrogen  but  had  slight 
elevation  of  acid  phosphatase.  After  14 
days  of  a-methopterin  (5  mg.  per  day 
orally),  he  exhibited  a  sharp  increase  both 
in  pain  and  in  phosphatase  values.  These 
subsided  after  stopping  administration  of 
the  antagonist  and  were  subsequently  re¬ 
produced  during  a  second  course  of  its 
administration. 

The  obvious  implication  of  these  results 
is  that  folic  acid  may  be  required  for  opti¬ 
mum  therapeutic  results  with  estrogen. 
We  have,  however,  been  unable  in  two 
instances  of  spontaneous  relapse  on  estrogen 
to  restore  a  state  of  control  by  administra¬ 
tion  of  even  large  doses  (250  mg.  per  day) 
of  folic  acid.  These  patients  claimed  to  feel 
better,  but  their  claims  were  not  supported 
by  decreases  in  acid  phosphatase  levels. 
Hertz,”  on  the  other  hand,  was  also  unable 
to  obtain  complete  restoration  of  activity 
(oviduct  response)  by  the  addition  of  folic 
acid  to  a  “purified”  diet.  He  postulated 
that  one  or  more  other  substances  might 
have  to  be  supplied  in  addition.  His  ob¬ 
servations  suggest  that  pantothenic  acid, 
riboflavin,  and  pyridoxin  are  not  specifically 
required  for  estrogen  action,  but  that  liver  I 
contains  agents  capable  of  restoring  full 
estrogen  reactivity  of  the  oviduct.  We  are  ’ 
currently  investigating  the  influence  of 
liver  extracts  on  the  quality  and  duration  of 
estrogen  induced  remissions. 

In  conclusion,  it  must  be  confessed  that 
whatever  light  our  observations  have  shed 
upon  this  fascinating  problem  has  served 
only  to  illuminate  its  enormous  complexity. 
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PSYCHOLOGY  IX  MODERN 
MANAGEMENT* 

By  MARION  A.  BILLSf 

What  are  the  functions  of  an  industrial 
psychologist?  As  I  see  them,  they  are  (1) 
to  use  the  special  knowledge  which  our 
training  as  psychologists  has  given  us  to 
advance  better  management;  (2)  to  increase 
that  store  of  knowledge;  and  (3)  to  make 
available  to  qualified  users  the  results  of 
our  increase  in  knowledge. 

In  what  fields  of  management  should  the 
psychologist  work?  The  study  of  psychol¬ 
ogy  is  the  study  of  humans.  Therefore, 
any  phase  of  management  which  involves 
people  is  a  legitimate  field  in  which  we  as 
psychologists  may  function:  employee  selec¬ 
tion,  job  evaluation,  merit  rating,  time  and 
motion  study,  incentives,  machine  design, 
training,  promotion,  counseling,  job  satis¬ 
faction,  wages,  vision,  recreational  ac¬ 
tivities,  communications,  costs,  etc.  Every 
one  can  add  from  his  own  experience  other 
items  to  this  list.  This  wide  range  of  pos¬ 
sible  activities  has  been  both  a  handicap 
and  an  advantage.  The  physician,  the 
engineer,  or  the  lawyer  have  their  re- 
^nsibilities  better  defined.  Specialists  in 

*  This  paper  was  presented  at  the  meeting  of  the  Section, 
Msv  15,  1950. 

f  Aetna  Life  Insurance  Company,  Hartford,  Connecticut. 


their  field  are  recognized.  Twenty-five 
years  ago,  the  industrial  psychologist  had 
to  function  both  as  a  general  practitioner 
and  a  specialist,  for  we  had  no  specialist 
to  whom  to  turn.  Today,  this  is  less  true. 
The  industrial  psychologist  today  functions 
in  the  capacity  of  a  general  practitioner, 
and,  as  it  is  for  any  practitioner,  it  is  our 
duty  to  diagnose  the  case,  conscientiously 
work  out  the  treatment  (using  specialists, 
when  necessary),  and  sell  that  treatment  to 
management. 

Some  examples  from  my  own  experience 
may  illustrate  how  it  seems  to  me  a  general 
practitioner  should  work.  First,  a  problem 
on  which  we  have  been  working  for  many 
years,  and  intensively  now  for  several 
months:  the  better  selection  of  life  insurance 
agents.  In  meeting  this  problem,  our  first 
question  was:  have  there  been  any  methods 
already  worked  out  which  have  stood  the 
test  of  time,  or  must  we  produce  something 
new?  As  a  whole,  psychologists  have  been 
less  inclined  than  the  medical  or  engineering 
profession  to  use  the  information  that  we 
have  and  more  inclined  to  want  to  try 
something  different.  Perhaps  this  is  the 
natural  fault  of  a  young  profession.  Until 
we  learn  to  draw  to  the  fullest  extent  on 
our  backlog  of  knowledge,  however,  we  will 
not  become  a  mature  profession. 


TRANSACTIONS 


141 

In  the  selection  of  life  insurance  agents, 
the  literature  showed  that  two  methods 
of  selection  had  worked  with  reasonable 
success,  Strong’s  Interest  Test,  scored  for 
life  insurance,  and  a  weighted  application 
blank.  The  next  question  was:  will  these 
methods  predict  success  in  our  particular 
firm?  We  decided  two  years  ago  that  we 
would  make  an  intensive  study  of  Strong’s 
Interest  Test.  The  Life  Insurance  Agency 
Management  Association  was  making  a 
study  of  the  weighted  application  blank, 
and  we  knew  that  we  could  trust  their 
results.  In  1948,  we  gave  the  Strong’s 
Interest  Test  to  all  full-time  agents  hired. 
By  the  end  of  1949,  the  “A”  men  had  an 
average  production  of  3.5  times  the  low- 
scoring  group,  and  53  per  cent  were  still 
employed.  The  “B-f  ”  men  had  an  average 
production  of  2.1  times  the  low-scoring 
group,  and  43  per  cent  were  still  employed. 
Of  the  low  scoring  group,  only  21  per  cent 
were  still  employed. 

This  data  convinced  us  that  the  em¬ 
ployment  of  “A”  men  was  definitely  better 
management,  but,  in  the  life  insurance  busi¬ 
ness,  one  must  sell  not  only  an  Agency  De¬ 
partment,  but  agencies  and  managers,  spread 
all  over  the  United  States  and  Canada.  All 
of  this  was  interesting  data  to  them,  but  it 
was  simply  data.  How  should  we  say  it  to 
bring  it  home  to  them?  Here  is  the  way  we 
stated  it.  If  an  agency  wanted  from  its  new 
men  a  million-dollar  production  by  the  end 
of  the  following  year,  they  would  need  to 
hire,  in  a  given  year,  on  the  average  of  4.8 
persons  scoring  “A,”  7.8  persons  scoring 
“B-f-,”  or  16.7  persons  scoring  lower.  This 
is  just  a  re-arrangement  of  the  data,  but  it 
is  something  that  can  be  remembered  easily. 
The  picture  becomes  vivid  to  the  manager. 
He  sees  16  men  for  whom  he  will  have  to 
provide  office  space  (and  rents  are  high),  a 
desk,  and  chairs.  He  sees  16  men  come  and 
go  in  and  out  of  his  agency.  He  must 
educate  them,  train  them,  counsel  them  on 
how  they  are  using  the  training,  listen  to 
their  disappointments  and  troubles,  give 
them  pep  talks,  re-educate  them,  and,  in 
some  instances,  give  added  financial  as¬ 


sistance.  He  also  sees  too  large  a  proper- 1 
tion  of  these  men  being  unsuccessful  and  he  I 
realizes  his  responsibility  to  society  in  not } 
encouraging  men  to  go  into  the  business 
whose  chances  of  success  are  low.  WTien  1 
he  really  thinks  this  out,  and  the  figure  of  I 
16  men  helps  him  to  do  it,  he  tends  to  vote 
for  the  4.8  better  men  instead.  | 

The  Life  Agency  Management  Associa¬ 
tion  had,  meanwhile,  made  a  detailed  study, 
in  which  we  cooperated,  of  a  weighted  ap¬ 
plication  blank.  Adding  this  information 
to  our  study,  we  can  say  to  the  manager, 
“If  you  want  a  million-dollar  production 
by  the  end  of  the  following  year,  you  will 
need  to  hire  4.3  men  scoring  high  in  both  | 
Strong’s  Interest  Blank  and  the  weighted  I 
application  blank,  but  you  will  need  to  | 
hire  22.9  men  scoring  low  in  both.  That  is,  t 
you  will  have  to  hire  five  times  as  many.”  [ 
We  feel  that  this  is  as  well  as  we  can  do  at  I 
present  with  objective  means;  it  is  as  well  ' 
as  most  tests  predict.  Our  next  step  is  to 
turn  to  some  of  the  more  subjective  selec¬ 
tion  approach. 

First,  the  interview.  In  testing  this,  we  | 
have  had  experience.  Each  year,  we  hire  a ! 


number  of  casualty  special  representatives 
who,  after  training  in  our  home  office 


schools,  enter  our  agencies  as  liason  between  ^ 
our  commission  agents  and  the  agency.  In  I 
1946-47,  these  men  were  being  hired  by  [ 
our  managers  in  the  field,  and  each  man  j 
interviewed  was  rated  by  the  interviewer  I 
on  10  qualities  chosen  as  essential  to  the 
job.  A  year  later,  the  managers  rated  the 
individuals  on  their  success  as  special 
representatives.  In  1948,  a  study  of  these 
two  ratings  showed  no  relationship.  Of  the 
150  men  studied,  however,  41  had  been 
interviewed  by  a  home  office  representative 
who  had  wide  experience  in  interviewing, 
and  for  these  there  was  a  definite  positive 
relationship  between  his  interview  rating 
and  the  rating  of  the  manager  at  the  end  of 
a  year.  Based  in  part  on  these  results,  we 
changed  our  procedure.  In  1949,  no  special 
representatives  were  hired  without  an  | 
interview  by  an  experienced  home  office  I 
representative.  This  was  costly,  of  course,  ■ 
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but  in  1949  our  experience  was  sufficiently 
better,  so  we  are  continuing  the  new  pro¬ 
cedure.  It  was  feasible  for  the  small  num¬ 
ber  of  special  representatives  which  we  hire. 
It  is  not  feasible  for  the  large  number  of 
life  agents  whom  we  contract  each  year. 
Therefore,  it  becomes  a  problem  of  training 
our  150  to  200  managers  and  supervisors 
in  interviewing  methods. 

One  probably  thinks  immediately  of  the 
patterned  interview.  At  present,  we  use  a 
patterned  interview’  for  the  selection  of  our 
life  agents.  It  has,  I  think,  been  useful 
for  two  reasons.  First,  it  outlines  in  detail 
information  that  must  be  obtained.  That 
information  is  valuable,  and,  in  getting  it, 
we  slow  down  the  interview  so  that  more 
time  is  spent  with  each  applicant.  But, 
while  the  patterned  interview  tells  the 
interviewer  what  information  he  should  get, 
it  does  not  train  him  in  the  methods  of 
getting  that  information  and  in  the  subtle 
means  of  interpreting  that  information. 
The  full  technique  can  come  only  by  ex¬ 
perience,  but  experience  itself  does  not  make 
a  good  interviewer.  Bad  habits  are  so 
easy  to  acquire  in  interviewing  that  persons 
often  become  increasingly  poorer  inter¬ 
viewers  with  experience,  especially  when 
there  is  no  check  on  interviewing  results. 
We  are  struggling  at  present  with  the  idea 
of  typical  transcribed  interviews  to  which 
our  supervisors  may  listen  and  give  their 
criticisms  and  their  reactions,  which  can 
then  be  directly  checked  with  actual  results. 

A  second  source  of  subjective-selection 
information  is  recommendations.  Al¬ 
though  I  have  no  conclusive  results  as  yet, 

I  will  describe  our  present  approach  to  this 
subject,  since  it  illustrates  another  way  in 
which  the  industrial  psychologists  may  work 
in  helping  to  organize  material  already  in 
the  minds  of  management  (let  me  add  here 
that  many  business  executives  are  very  good 
psychologists). 

After  a  meeting  at  which  the  value  of 
recommendations  was  discussed,  one  of  the 
sales  managers  present  said  that  he  felt 
one  could  interpret  a  recommendation  by 
the  adjectives  used,  even  though  on  the 


surface  they  all  seemed  good.  This  to  him 
was  simply  a  hunch,  and,  if  it  was  to  be 
useful  for  others,  it  had  to  be  systematized. 

We  started  the  study  by  reading  over 
several  hundred  recommendations.  One 
of  these  recommendations  still  sticks  in 
my  mind.  It  was  a  neighbor  trying  very 
hard  to  recommend  a  young  college  man, 
but  trying  also  to  be  honest.  After  several 
paragraphs  of  factual  matters,  he  came  up 
with,  and  you  could  almost  hear  a  sigh  of 
relief,  a  positive  statement,  “He  is  a  good 
dresser.”  From  the  study  of  these  recom¬ 
mendations,  we  drew  off  20  words  which 
were  often  used — all  favorable.  With  the 
20  favorable  items  listed,  we  then  asked  a 
group  of  our  supervisors  each  to  choose  10 
jjeople,  5  whom  they  considered  good  sales¬ 
men  and  5  not  so  good,  and  check  a  blank 
for  each  of  them.  We  headed  our  list 
“Please  indicate,  by  underlining,  the  5  ad¬ 
jectives  which  you  feel  describe  this  indi¬ 
vidual  most  accurately.  Please  underline 
5  only.” 

In  our  sample  run,  we  found  a  difference 
in  the  items  checked  for  the  successful  agent 
and  the  unsuccessful  one.  Of  course,  cer¬ 
tain  of  the  qualities  were  neutral.  For  a 
year  now,  we  have  attached  this  form  to 
our  requests  for  recommendations  and  a 
year  from  now  we  hope  to  have  definite 
information  on  it. 

Not  all  of  an  industrial  psychologist’s 
problems  are  in  the  selection  field,  so  I 
will  choose  as  a  second  illustration  a  prob¬ 
lem  in  a  different  field.  As  is  true  for  all 
companies,  not  only  do  we  want  our  com¬ 
pany  to  be  a  good  place  to  work,  but  we 
want  our  community  to  recognize  us  as 
such.  What  makes  a  job  desirable?  Most 
of  the  literature  on  the  subject  has  been 
from  manufacturing  concerns.  We  felt 
that  a  clerical  organization  might  give  differ¬ 
ent  answers.  Ako,  we  wanted  the  opinion 
of  our  own  employees.  We  asked  a  fair 
sampling  of  them  to  fill  out  a  blank,  headed 
“What  Makes  One  Job  More  Desirable 
Than  Another.”  It  listed  fifteen  items, 
taken  mostly  from  other  surveys.  It  was 
not  an  attitude  survey.  We  did  not  ask 
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the  individual,  for  example,  whether  he 
considered  that  the  policies  of  our  company 
were  good  or  bad,  but  only  whether  he  con¬ 
sidered  them  important.  The  importance 
of  the  items  came  in  order:  “a  fair  boss,” 
“work  which  interests  one,”  “opportunity 
for  getting  ahead,”  “good  pay,”  and 
“security.” 

Since  “good  boss”  got  the  first  place,  the 
questions  arose,  “what  makes  a  good 
boss”  and  were  our  bosses  filling  the  bill? 
For  an  answer  to  this,  we  turned  to  a  spe¬ 
cialist.  For  two  summers,  we  had  a  person 
trained  in  interviewing  come  in  and  inter¬ 
view  employees  chosen  at  random.  The 
topic  of  the  interview  was  how  they  liked 
their  job,  but  the  boss  came  into  practically 
every  discussion,  and  we  believe  the 
opinions  e.xpressed  were  quite  frank  and 
uninhibited,  since  they  were  given  to  an 
outsider  and  their  highly  confidential  nature 
was  stressed.  The  third  summer,  our 
specialist  interviewed  our  supervisors.  The 
information  of  the  first  two  summers  was 
given  to  our  supervisors  in  generalized 
terms,  and,  by  talking  it  out,  they  were  able 
to  see  its  application  in  detail.  We  believe 
that  our  supervision  has  improved. 

A  few  of  the  items  that  came  out  regard¬ 
ing  what  makes  a  good  boss  may  be  of 
interest.  A  good  boss  expects  results,  but 
he  doesn’t  insist  on  being  the  only  boss.  He 
lets  you  boss  your  own  job.  He  doesn’t 
check  progress  too  often.  He  isn’t  always 
peering  over  your  shoulder.  He  gives 
praise  in  public  when  due;  criticism  in 
private.  He  takes  your  requests  seriously, 
even  though  he  has  to  turn  them  down. 
He  sees  that  the  work  is  explained  to  you, 
and  he  tells  you,  or  at  least  lets  you  know, 
whether  it  is  good  or  bad. 

Perhaps  the  most  pleasing  result  of  this 
survey  was  the  fact  that  a  majority  of  our 
employees  wanted  to  be  the  boss  of  their 
jobs.  They  wanted  to  make  at  least  the 
minor  decisions  themselves.  That  is  the 
American  way.  This  desire  to  boss  one’s 
own  job  is  one  which  should  be  kept  alive 
in  our  world  of  industry,  and  anything 
which  we  as  psychologists  can  do  to  further 


it  is  more  than  worth  the  effort.  I  want  to 
digress  a  minute,  but  it  is  really  simply  to 
stress  this  point. 

A  little  more  than  25  years  ago,  the  .iFtna 
Life  Affiliated  Companies  realized  that 
they  had  grown  too  large  for  the  miscellane¬ 
ous  salary  structure,  which  was  influenced 
largely  by  each  supervisor’s  own  opinion, 
and  decided  in  fairness  to  all  employees  to 
work  out  a  job  ev'aluation.  We  used  a 
classification  system  based  largely  on  com¬ 
plexity  of  work  which  had  been  developed 
by  a  group  at  the  Bureau  of  Personnel 
Research  at  Carnegie  Institute  of  Tech¬ 
nology.  The  choice  of  a  system  was  less 
difficult  then  than  it  would  be  now.  Point 
evaluation  and  factor  weighing  systems 
were  yet  to  come  into  the  picture.  This 
classification  method  seemed  to  fit  our 
needs  and,  with  minor  changes,  is  the  one 
we  use  now  for  our  entire  home  office  staff. 
In  general,  it  breaks  down  into  three  groups 
of  jobs,  with  several  steps  in  each  group. 
First,  there  are  the  jobs  where  there  are 
only  a  few  rules  and  regulations  to  follow 
and  where  all  of  these  rules  and  regulations  f 
are  definite  and  specific.  The  second  group  j 
is  where  there  are  a  large  number  of  rules  * 
and  regulations  to  be  followed  in  carrying  j 
on  the  work,  but,  again,  these  rules  and 
regulations  are  definite  and  specific.  The 
third  group  are  the  decision-making  jobs. 
To  those  who  think  of  a  large  office  as  made  | 
up  of  a  number  of  standardized  jobs  where  f 
people  add  figures,  file  cards,  or  check  re-  ■ 
ports,  it  may  come  as  a  surprise  that  45 
per  cent  of  our  jobs  are  decision-making  _ 
ones.  Let  me  give  you  a  typical  example  of  i 
such  a  job.  Its  title  is  Life  Underwriter,  j 
The  man  holding  this  job  must  make  his 
decision,  from  the  papers  submitted  by  the 
agent  to  the  home  office,  whether  or  not  to  | 
accept  the  individual  as  a  risk.  That  is,  - 
this  man,  on  his  own  responsibility,  can  and  ' 
does  commit  the  company.  For  this  group, 
we  do  not  need  to  worry  that  they  are  ex-  ■ 
perienced  in  making  their  own  decisions,  j 

Probably  at  least  one-third  of  the  persons  ’ 
holding  a  job  where  rules  have  to  be  fol-  - 
lowed  are  headed  for  decision-making  jobs  - 


n 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


2-45 


ring  ! 
and  I 

rhe 
)bs.  I 

ade  j 
lere  i 
re- 
45 

‘ing  I 

eof  I 
ter.  ! 
his  I 
the  [ 
t  to  I 
is,  I 
and  ! 
•up, 
ex-  i 
)ns.  \ 
ons  ’ 
fol- , 
obs  - 


They  are  learning  to  make  decisions.  This 
leaves  us  approximately  35  per  cent  where 
the  supervisors  must  take  special  pains  to 
see  that  the  individual  realizes  what  is  true, 
that  he  is  the  boss  of  his  own  job.  The 
ways  of  doing  this  are  numerous.  Let  me 
quote  one  out  of  the  many  which  we  use: 
measured  production  with  pay  for  meeting 
or  exceeding  the  accepted  minimum  estab¬ 
lished.  For  example,  the  woman  who  has 
turned  out  1500  lines  of  typing  in  a  day, 
instead  of  the  minimum  of  let  us  say  1000, 
has  bossed  her  own  job  and  has  budgeted 
her  own  time;  she  is  proud  of  it  and  she  is 
paid  for  it.  She  is  not,  and  realizes  that 
she  is  not,  simply  a  cog  in  the  wheel. 

I  would  like  to  give  you  an  illustration 
in  the  field  of  clinical  psychology.  I  am  not 
a  clinical  psychologist  and  I  make  no  pre¬ 
tense  of  being  one.  As  the  only  psycholo¬ 
gist  in  an  organization  which  did  not  have  a 
psychiatrist  until  recent  years,  however, 
mental  and  emotional  maladjustments 
which  present  themselves  in  any  firm  gravi¬ 
tated  to  my  sphere.  The  first  problem  was 
to  convince  management  that  mental  dis¬ 
ease  should  be  viewed  in  the  same  way  as  a 
heart  attack  or  tuberculosis.  Not  all  cases 
recover,  but  many  do.  The  second  problem 
was  to  hunt  for  reliable  outside  sources  and, 
through  them,  to  train  our  supervisory 
group  to  recognize  early  stages  of  mental 
and  emotional  maladjustments,  and  to  use 
to  the  full  these  outside  resources  for  the 
help  of  individuals  in  need.  Help  can  come 
from  psychiatrists,  clinical  psychologists, 
mmisters,  priests,  clinics,  and  such  organiza¬ 
tions  as  Alcoholics  Anonymous.  We  used 


them  all  at  times  and  found  them  most 
willing  to  cooperate.  We  still  use  them, 
though  three  years  ago  we  met  the  problem 
head-on  and  added  a  psychiatrist  to  our 
medical  staff. 

Following  the  advice  of  the  old  colored 
preacher  who,  in  describing  his  sermon 
said,  “I  tells  them  what  I’m  going  to  tell 
them,  then  I  tells  them,  and  then  I  tells 
them  what  I  told  them,”  I  want  to  review 
the  points  which,  directly  or  indirectly,  I 
have  tried  to  make.  First,  as  industrial 
psychologists,  it  is  our  duty  to  study  and 
use  all  of  the  backlog  of  knowledge  which 
our  training  has  given  us,  but  to  use  it  only 
after  we  have  proven  its  application  to  our 
own  particular  problem.  Second,  any  defi¬ 
nite  bit  of  research  takes  time  and  involves 
two  selling  processes  to  management:  (1) 
the  selling  for  cooperation  in  trying  the 
experiment  and  (2)  selling  the  results,  so 
that  they  will  be  used.  We  have  become 
so  used  to  talking  of  correlations,  standard 
deviations,  and  so  forth,  that  we  sometimes 
forget  that  to  the  layman  these  terms  mean 
nothing.  It  takes  imagination  to  restate 
our  findings,  but  it  pays. 

Finally,  the  company’s  industrial  psy¬ 
chologist  may  solve  problems  by  applica¬ 
tion  of  his  own  knowledge  and  that  gained 
from  published  material.  He  may  call  in 
a  specialist  for  temporary  help,  or  he  may 
advocate  the  employment  of  a  specialist 
when  need  seems  to  demand  it.  All  have 
their  place. 

To  sum  it  all  up,  we  are  general  practi¬ 
tioners  in  the  field  of  psychology. 
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IHE  ROLE  OF  IONIC  DEFORMATION 
IN  SURFACE  CHEMISTRY* 

By  W.  A.  WEYLt 

Surfaces  and  interfaces  are  the  seat  of 
asymmetrical  arrangements  of  ions.  In 
these  strong  electrical  fields,  one  has  to 


expect  that  ions  change  their  electron 
density  distribution,  which,  in  turn,  must 
cause  them  to  assume  chemical  properties 
which  differ  from  those  of  the  same  ions  in 

•  This  paper,  illustrated  with  lantern  slides,  was  presented 
at  the  meeting  of  the  Action,  May  16,  1950. 

t  Department  of  Mineral  Technology,  The  Pennsylvania 
State  College,  State  College,  Pennsylvania. 
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the  symmetrical  environment  of  their  aque¬ 
ous  solutions.  The  polarized  or  deformed 
ion  has  an  electron  density  probability  dis¬ 
tribution  which  has  a  lower  symmetry 
than  that  of  the  gaseous  or  of  the  hydrated 
ion.  One  can  express  its  state  of  polariza¬ 
tion  in  terms  of  the  character  of  the  binding 
forces  as  well  as  in  terms  of  the  formation 
of  a  dipole  or  of  a  multipole.  These  de¬ 
scriptions  can  be  useful  in  many  ways,  but 
they  do  not  lend  themselves  directly  to  a 
chemical  interpretation. 

This  pajjer  represents  an  attempt  to  de¬ 
scribe  an  adsorbed,  strongly  deformed  ion  in 
terms  which  indicate  that  its  chemical  be¬ 
havior  has  assumed  directional  properties. 

A  cupric  ion  is  polarized  when  adsorbed 
at  a  metal.  The  polarizability  of  an  ion 
represents  its  ability  to  adjust  its  electron 
distribution  probability  and,  with  it,  its 
own  force  field  in  order  to  suit  best  the  force 
field  of  the  environment.  One  may  expect, 
therefore,  that  the  deformation  of  the 
electron  cloud  of  the  Cu-+  ion  is  such  as  to 
lead  towards  the  establishing  of  a  “metallic 
bond”  in  the  direction  of  the  metallic  phase 
and  towards  increasing  the  strength  of  its 
“ionic  bond”  in  the  direction  of  the  ionic 
solution.  This  type  of  deformation  can 
also  be  described  as  an  inner  disproportiona¬ 
tion  of  the  Cu®"''  ion  which,  in  its  extreme, 
would  cause  one-half  of  the  Cu^  ion  to 
become  metallic  copper  (higher  electron 
density  than  that  of  the  Cu^'''  ion).  The 
other  half,  having  lower  than  average  elec¬ 
tron  density,  would  then  correspond  to  a 
copper  ion  with  a  fourfold  positive  charge. 
This  description  explains  the  greater  tend¬ 
ency  of  the  deformed  ion  to  attract  electrons 
from  an  electron  donor.  The  combination 
metallic  copper-cupric  oxide  is  reduced 
more  readily  by  hydrogen  than  the  pure 
oxide,  free  of  copper.  Since  the  reaction 
leads  to  metallic  copper  and  thus  is  pro¬ 
ducing  its  own  catalyst,  however,  the  reduc¬ 
tion  of  CuO  has  an  induction  period  and 
is  autocatalytic. 

Similar  descriptions  of  the  state  of 
polarization  of  adsorbed  ions  can  be  given 
for  carrier  surfaces  other  than  metals.  An 


I 

attempt  is  made  to  present  a  few  simple  | 
rules  which  describe  the  shift  in  chemical  | 
behavior  if  an  ion  is  transferred  from  its  1 
aqueous  solution  to  an  interface.  Catalytic  I 
phenomena  explained  on  this  basis  can  be  I 
easily  correlated  with  physical  phenomena  I 
such  as  wettability  and  hygroscopicity  of  j 
soUds,  semiconductor  properties  of  thin  I 
metal  films,  or  the  increased  electron  emis-  j 
sion  of  the  oxide  coated  cathode.  ! 

Introduction.  The  parameters  used  for  | 
describing  a  crystal  as  an  infinitely  extend-  j 
ing  network — namely,  symmetry,  coordina-  1 
tion  number,  and  intemuclear  distance  or  I 
bond  length — are  not  valid  for  the  crystal  j 
surface.  The  coordination  of  surface  ions  j  | 
is  necessarily  incomplete  and  the  inter-  i  i 
nuclear  distances  are  different  from  those  |  ] 
of  the  bulk,  because  surface  ions  are  ex-  j  i 
posed  to  one-sided  attraction.  In  the  past,  !  I 
the  problem  of  the  surface  structure  of  |  ( 
crystals  and  its  deviation  from  that  of  the  |  i 
bulk  has  been  approached  primarily  from  a  5  s 
physical-mathematical  viewpoint.  The  c 
early  discussions  of  Bom,  Madelung,  j  e 
Lennard-Jones,  and  their  associates  are  |  t 
well  known.  More  recently,  Verwey*  in  j  t 
Holland  and  Stranski  and  Moliere^  in  |  li 
Germany  have  contributed  to  this  problem.  !  tl 

It  is  known  that,  as  soon  as  the  I  e 
polarizability  of  the  ions  exceeds  a  certain  ^  A 
value,  one  has  to  expect  the  formation  of  a  j  ir 
special  stmcture  in  the  outermost  surface  -  « 
planes  of  an  ionic  crystal.  Ions  of  low  I  bi 
polarizability  prefer  positions  of  highest  _  tl 
symmetry  and  lowest  electrical  field  '  cc 
strength.  In  a  NaCl  crystal,  for  example,  j 
the  Na+  ions  are  symmetrically  surrounded  j  tr 
by  the  anions.  Ions  of  high  polarizability  1  h( 
can  be  deformed,  however,  to  such  an  extent  ’  co 
that  the  gain  in  deformation  energy  is  more  ,  de 
than  sufficient  to  compensate  the  Coulomb  i  ha 
repulsion  between  ions  having  electric  j  us 
charges  of  the  same  sign.  In  the  mercurous  !  pr 
chloride,  for  example,  the  highly  polarizable  S  pu 
Hg'*'  ions  occupy  positions  between  the  | 
anions  and  other  Hg+  ions.  Such  a  crystal  su] 
has  a  lower  symmetry,  and  the  cations  are  '  dij 
not  in  the  positions  of  lowest  electrical  1  ter 
field  strength  but  in  the  electrical  field  In 
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between  Hg+  and  Cl~  ions.  In  a  strong 
electrical  field,  the  concept  of  ionic  size 
loses  its  significance.  In  a  highly  sym¬ 
metrical  environment,  i.e.,  in  a  crystal  or  in 
a  solution,  it  is  justifiable  to  assign  to  each 
ion  a  certain  “radius,”  because  the  repulsion 
force  between  two  ions  approachmg  each 
other  increases  very  strongly  as  soon  as  a 
certain  critical  distance  is  reached.  For  all 
practical  purposes,  a  closer  approach  be¬ 
comes  impossible  and  it  is,  therefore,  justi¬ 
fiable  to  treat  the  ions  as  rigid  spheres. 
This  size  of  the  ion  loses  its  meaning  if  the 
ion  is  transferred  into  an  asymmetrical 
environment,  a  fact  which  has  been  em¬ 
phasized  by  Fajans®  in  his  discussion  of  the 
intemuclear  distances  of  thallous  com¬ 
pounds  as  compared  with  those  of  the 
alkalies.  The  identical  cell  dimensions  of 
thallous  perchlorate  and  rubidium  per¬ 
chlorate  indicate  that  the  Tl'*"  and  the  Rb"*" 
ions  have  identical  sizes  when  compared  in 
symmetrical  force  fields.  As  a  result  of  the 
one-sided  attraction  within  the  vaporized 
molecule,  however,  the  intemuclear  dis¬ 
tance  in  TlCl  (2.55  A.U.)  is  much  smaller 
than  in  RbCl  (2.89  A.U.)  and  only  a  little 
larger  than  in  NaCl  (2.51  A.U.).  In  the 
thallous  iodide,  the  distance  (2.87  A.U.)  is 
even  smaller  than  in  sodium  iodide  (2.90 
A.U.).  This  mutual  deformation  of  ions 
in  asymmetrical  force  fields  has  been  de¬ 
scribed  also  in  terms  of  the  character  of  the 
binding  forces,  and  one  says  that  the 
thallous  halides  are  more  covalent  than  the 
corresponding  alkali  salts. 

For  the  purpose  of  interpreting  the  elec¬ 
trical  properties  of  polarized  substances, 
however,  the  degree  of  covalency  is  of  minor 
concern,  and  it  is  preferable  to  describe  the 
deformed  ions  as  electrically  distorted  units 
having  dipoles.  For  example,  Roberts® 
used  this  approach  in  studying  the  electrical 
properties  of  alkali  halides,  and  for  this 
purpose  it  proved  to  be  most  helpful. 

The  deformation  of  ions  in  the  outermost 
surface  plane  can  be  expressed  in  terms  of 
dipole  or  multipole  formation,  as  well  as  in 
terms  of  the  character  of  the  binding  forces. 
In  the  last  few  years,  we  have  made  labora- 
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tory  examinations  of  deformation  of  the 
ions  at  crystal  surfaces  by  means  of  their 
characteristic  chemical  reactions.  For  this 
purpose,  the  rules  derived  by  Fajans®  were 
applied,  and  it  was  found  advantageous  to 
describe  a  polarized  or  a  deformed  ion  in 
terms  which  indicate  that,  with  its  deforma¬ 
tion,  not  only  its  electron  density  distribu¬ 
tion,  but  also  its  chemical  properties,  have 
become  asymmetrical  and  directional. 

Since  the  development  of  modem  crystal 
chemistry,  through  the  work  of  Gold¬ 
schmidt,*  it  has  been  known  that  the  role 
which  an  ion  plays  in  a  crystal  structure  is 
determined  by  its  size,  charge,  and  polariza¬ 
tion  properties.  Later  workers  in  this 
field,  however,  overemphasized  the  size  and 
the  charge  because  these  parameters  lend 
themselves  to  an  easy  numerical  descrip¬ 
tion.  As  a  result,  the  polarizability  of  an 
ion,  one  of  its  major  properties,  has  not 
been  sufficiently  considered. 

At  the  present  time,  Frankenburg, 
Komarewsky,  and  RideaF  are  bringing  out 
a  series  of  books  on  “Advances  in  Cataly¬ 
sis.”  In  the  preface  of  the  first  volume 
they  write:  “a  purely  empirical  approach  is 
still  the  only  safe  way  to  search  for  efficient 
catalysts. . . .”  It  is  true  that  one  cannot 
predict  quantitatively  the  catalytic  ac¬ 
tivity  of  a  substance,  but  it  will  be  shown  in 
this  paper  that  there  is  a  fair  chance  to 
understand  and  even  to  predict  catalytic 
phenomena,  at  least  in  a  qualitative  fashion. 

In  the  same  preface,  these  authors  write: 
“In  other  words,  a  science  of  catalysis  has 
to  be  erected  on  foundations  which  still 
have  to  be  laid.”  It  seems,  however,  that 
the  foundations  for  the  science  of  catalysis 
are  very  clearly  defined. 

Heterogeneous  catalysis  is  “chemistry  in 
asymmetrical  force  fields”  and,  as  such,  it 
can  be  understood  if  one  knows  how  the 
electrical  field  affects  the  chemical  proper¬ 
ties  of  an  ion.  It  is  the  polarizability 
which  describes  the  response  of  ions  to 
electrical  fields.  This  property  has  been 
neglected  for  too  long. 

It  is  the  object  of  this  paper  to  discuss 
surface  properties  of  two  extreme  groups: 
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one  having  cations  of  the  non-noble  gas- 
type  with  very  high  polarizability,  such  as 
Hg^,  Pb®+,  etc.  and  the  other  having  small 
cations  of  the  noble  gas-type  with  low 
polarizability,  such  as  Si^"^.  The  proton 
having  no  electrons  has  zero  polarizability 
and,  consequently,  H2O  represents  an  ex¬ 
treme  case  of  the  second  group. 

Polarization  Properties  of  Ions.  Our 
knowledge  of  the  polarization  properties  of 
ions  is  based  primarily  on  the  interaction 
between  their  electron  clouds  and  the  al¬ 
ternating  electrical  field  of  light.  The 
response  of  the  outer,  more  loosely  bound 
electrons  is  by  far  the  most  important  con¬ 
tribution  to  this  interaction,  so  that  the 
optical  properties  of  an  ion  or  molecule,  in 
particular  their  refractivities,  are  closely 
related  to  their  chemical  properties. 

The  concept  that  the  outer  electrons  of 
an  atom  or  ion  do  not  move  in  rigid  orbits, 
but  are  affected  by  their  immediate  en¬ 
vironment,  goes  back  to  Haber,  Reis, 
Langmuir,  Lewis,  and  others.  A  system¬ 
atic  treatment  of  polarization  phenomena 
and  the  inter-relation  which  exists  between 
polarization  properties  and  physical  or 
crystal-chemical  properties  can  be  found  in 
the  publications  of  Fajans  and  his  students, 
Grimm  and  Sommerfeld,  as  well  as  Gold¬ 
schmidt.  Especially,  Fajans®  and  his 
students  evaluated  the  deviations  from 
additivity  of  the  polarizabilities  in  respect 
to  the  interaction  of  ions  when  forming  com¬ 
pounds  or  crystals.  These  relations  are 
often  referred  to  as  “Fajans’  Rules,”  and  the 
most  pertinent  ones  will  be  mentioned  here. 

(1)  An  anion  is  larger  than  a  cation  with 
the  same  number  of  electrons.  With  in¬ 
creasing  positive  charge,  a  nucleus  exerts 
stronger  attraction  forces  upon  its  electron 
cloud.  As  a  result  of  this  “tightening”  of 
the  electrons,  their  response  to  the  electro¬ 
magnetic  field  of  light  decreases.  The 
polarizability  decreases  in  the  following 
order: 

02-  >  F“  >  Ne  >  Na+  >  Mg2+ 

>  Al»+  >  Si^. 

(2)  A  similar  tightening  of  the  electrons 


of  an  anion  can  be  observed  if  the  anion 
combines  with  protons.  The  polarizability 
of  Cl”  ions  is  much  greater  than  that  of 
HCl.  The  polarizability  decreases  in  the 
following  series: 

02-  >  OH-  >  H2O  >  H,0+. 

(3)  A  tightening  of  the  electrons  of  an 
anion  is  also  noticeable  if  it  is  brought  into 
the  positive  force  field  of  cations.  This 
effect  increases  (a)  with  the  size  (polariza¬ 
bility)  of  the  anion,  for  example,  in  the 
following  order: 

F-  <  Cl-  <  Br-  <  I-or02-  <  S^-  <  Se^-; 

(b)  with  decreasing  size  of  the  cation — the 
polarizing  power  of  cations  increases  in 
the  order: 

Cs+  <  Rb+  <  K+  <  Na+  <  Li+  or  [ 

Ba«-  <  Sr2+  <  Ca2^-  <  Mg2+; 

and  (c)  with  increasing  positive  charge  of  1 
the  cation  I 

Mg2+  <  AF+  <  Si<+  <  P®+. 

(4)  Anions  e.xert  a  similar,  but  in  most 

cases  a  weaker,  influence  upon  the  cations. 
Cations  having  the  same  electronic  struc¬ 
tures  are  smaller  and  they  are  less  polariz¬ 
able,  because  their  corresponding  orbits  are  ' 
much  closer  to  their  nuclei  and  are,  there¬ 
fore,  already  tightened  by  their  positive  t 
force  fields.  I 

(5)  The  mutual  deformation  of  ions  is  at  | 

a  minimum  for  ions  of  the  noble  gas-type.  , 
It  is  greater  for  ions  having  a  complete  18  | 
shell  and  reaches  its  highest  value  for  ions  j 
with  incomplete  outer  orbitals.  The  polar-  ' 
izing  power  and  the  polarizability  increase  j 
from  Sr2+  (8)  to  Cd^^"  (18)  and  are  greatest  , 
for  Pb2+  (18  -f-  2).  ' 

(6)  The  mutual  deformation  is  at  a  ( 

minimum  in  crystals  of  high  symmetry.  It  • 
reaches  its  maximum  in  the  asymmetrical  j 
force  field  of  the  vaporized  molecule  or  in  j 
the  surface.  | 

This  last  statement  concerning  the  polari-  | 
zation  or  deformation  of  ions  in  asymmetri-  j 
cal  force  fields  makes  it  imperative  to  the  I 
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chemist  interested  in  heterogeneous 
catalysis  to  pay  attention  to  the  polariza¬ 
tion  properties  of  ions.  It  is  true  that  one 
can  go  relatively  far  in  the  understanding 
of  crystals  and  in  the  interpretation  of  their 
properties  without  using  the  concept  of 
polarization  if  one  restricts  oneself  to  (a) 
crystals  of  high  symmetry;  (b)  crystals 
consisting  of  noble  gas-type  ions  of  low 
charge  and  low  polarizing  power;  and  (c) 
properties  which  do  not  involve  the  tem¬ 
porary  formation  of  asymmetrical  force 
fields,  for  example,  compressibility,  but  not 
plasticity;  solubility,  but  not  wettability. 

Pauling*  derived  a  number  of  basic  rules 
governing  the  atomic  structures  of  complex 
ionic  crystals  consisting  of  polyhedra. 
These  rules  were  very  wisely  limited  to  ions 
having  a  certain  size  and  charge  and  a  com¬ 
plete  octet  configuration  (noble  gas-type 
ions),  because  this  restriction  excludes  major 
polarization  effects. 

Table  1  lists  the  molar  refraction  of 
gaseous  ions  in  cc.  according  to  Bauer  and 
Fajans.* 

Table  1 


He 

0.521 

0.08 

0*- 

F- 

Ne 

Na-^ 

Mg*^ 

6.95 

2.44 

1.00 

0.47 

0.26 

5*- 

Cl- 

A 

A'+ 

Ca*+ 

22.6 

9.06 

4.20 

2.25 

1.40 

re*- 

/- 

X, 

Cs* 

40.9 

19.21 

10.43 

6.53 

4.73 

In  T.ABLE  2,  the  polarizabilities  of  some 
ions  (in  cubic  angstroms)  are  listed,  as 


Table  2 


Li+ 

11.7 

F- 

25.8 

Na+ 

20.2 

ci- 

62.8 

K+ 

42.3 

Br 

81.0 

Rb+ 

58.1 

I- 

109.4 

Cs+ 

71.3 

0*- 

30.0 

Mg*-' 

11.4 

Cu+ 

27.2 

Ca*^- 

34.9 

Ag+ 

39.4 

Sr*-* 

49.1 

Tr 

90.1 

Ba*+ 

70.6 

taken  from  the  literature  by  Roberts.^ 
Both  tables  are  interesting  because  they 
show  the  connection  between  polarizability 
and  molar  refraction.  For  the  following 
discussion,  however,  it  is  not  necessary  to 
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use  the  quantitative  data  available  on  this 
subject.  It  can  be  shown  that  the  use  of 
Fajans’  rules  on  the  mutual  polarization 
of  ions  allows  us  to  explain  and  to  predict 
catalytic  phenomena  in  a  fairly  satis¬ 
factory  way. 

A  Derivation  of  Some  Simple  Rules  De¬ 
scribing  the  Change  in  Chemical  Properties  of 
Adsorbed  Ions  of  High  Polarizability. 
Polarizability  and  atomic  or  molecular  re- 
fractivity  are  proportional  and,  therefore, 
has  become  customary  to  express  the 
polarizability  of  an  ion  by  its  refractivity 
(table  1).  The  response  of  an  electronic 
system,  however,  is  not  restricted  to  al¬ 
ternating  electrical  fields  of  high  frequency, 
but  is  just  as  noticeable  in  a  static  electrical 
field.  In  atomic  dimensions,  the  ions  exert 
forces  upon  each  other  which  correspond  to 
electrical  fields  of  several  million  volts 
per  cm.  In  the  interior  of  a  NaCl  ciystal, 
a  Na+  ion  finds  itself  in  a  symmetrical  sur¬ 
rounding  and,  therefore,  in  the  weak  elec¬ 
trical  force  field  between  Cl~  ions.  This  is 
no  longer  true  for  a  Na+  ion  in  the  crystal 
surface,  but  the  latter  is  in  a  strong  electrical 
field  with  the  Cl~  ion  on  one  side  and  no  such 
anion  at  the  other  side  to  balance  it. 

For  the  understanding  of  surface  chemis¬ 
try,  one  has  to  realize  that  the  polarization 
of  a  surface  ion  exposed  to  one-sided  attrac¬ 
tion  has  changed  its  chemical  properties. 
For  explaining  catalytic  actions,  it  is  not 
sufficient  to  express  deformation  or  polariza¬ 
tion  as  the  induction  of  a  dipole  or  multi¬ 
pole,  because  this  terminology  has  no 
obvious  connection  with  the  chemical  prop¬ 
erties  of  the  ion.  The  change  in  chemical 
properties  can  be  described  only  in  a  quali¬ 
tative  fashion,  because  we  still  lack  the 
terminology  for  describing  an  electron 
configuration  which  corresponds  to  an 
intermediate  state  between  two  stable  quan¬ 
tum  configurations.  We  have,  for  example, 
names  for  Cr^+  (chromous  ion)  and  for 
Cr*+  (chromic  ion)  but  not  for  a  unit  which 
on  one  side  has  an  electron  density  some¬ 
where  between  these  two  configurations. 
As  a  result,  the  “chemical  description”  of 
the  polarized  ion  is  imperfect;  it  remains 
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qualitative  in  character  and  must  be  con¬ 
sidered  only  a  first  approximation  to  the 
actual  conditions.  Nevertheless,  its  useful¬ 
ness  in  explaining  surface  chemical 
properties  and  in  predicting  the  catalytic 
behavior  of  ions  should  make  its  presenta¬ 
tion  worthwhile  as  a  first  step  in  laying  the 
foundation  for  the  science  of  catalysis.* 
Scheme  If  shows  a  Ni^  ion  adsorbed  at 
the  surface  of  a  noble  metal,  for  example, 
platinum.  A  metal  represents  a  highly 
polarizable  medium  because  of  the  extreme 
mobility  of  its  “free  electrons.”  It  can 
easily  adjust  its  own  force  fields  to  suit  the 
requirements  of  its  environment.  The  ap¬ 
proach  of  the  Ni^  ion  leads  to  the  formation 
of  a  “metallic  bond”  between  the  Ni^ 
and  the  platinum.  The  nickel  ion  is 
polarized  to  such  an  extent  that  it  can  now 
be  described  as  consisting  partly  of  atomic 
nickel  and  partly  of  Ni^'*'.  That  portion  of 
the  nickel  ion  which  is  extended  toward 
the  solution  assumes  properties  which  ap¬ 
proach  those  of  nickel  in  a  higher  state  of 
valency.  As  mentioned  before,  such  a 
description  is  qualitative  in  character  and 
one  should  not  take  it  too  literally,  but  it 
gives  us  the  right  direction  in  which  the 
properties  of  a  polarizable  cation  are 
changed  when  it  is  adsorbed  at  the  surface 
of  a  noble  metal.  This  change  may  also  be 
described  as  an  “inner  disproportionation.” 

Rule  I.  Cations  of  high  polarizability, 
adsorbed  at  the  surface  of  a  metal,  extend 
metallic  bonds  towards  the  metal  sur¬ 
face  and,  as  a  result  of  this  deformation, 
their  chemical  behavior  towards  the 
solution  resembles  that  of  the  same  ele¬ 
ment  in  a  higher  state  of  oxidation. 

This  description  of  the  polarized  cation, 
in  chemical  terminology,  makes  it  possible 
for  us  to  understand  and  even  to  predict 
catalytic  phenomena  involving  noble  metals 
as  catalysts. 

The  development  of  the  latent  photo¬ 
graphic  image  is  one  of  the  best  known  ex¬ 
amples  of  a  catalytic  reaction  covered  by 
Rule  I.  The  developing  bath  contains  a 
reducing  agent  which  is  not  sufficiently 

*  Work  on  this  subject  is  being  sponsored  by  the  Material 
Branch  of  the  Office  of  Naval  Research, 
t  Lantern  slides  were  shown  at  this  point. 


Strong  to  reduce  the  undeformed  silver  ions 
but  which  can  react  with  those  that  are 
deformed  by  their  contact  with  a  noble 
metal.  The  catalyst,  the  silver  speck,  is 
the  result  of  photolysis  of  the  silver  bromide. 
The  asymmetrical  force  field  induced  by  the 
sensitivity  speck  changes  the  random  dis¬ 
tribution  of  the  silver  atoms  into  an  ag- 
glommeration  near  the  surface.  As  soon 
as  the  number  of  atoms  is  sufficient  to 
impart  .metallic  properties  to  this  agglom- 
meration,  it  becomes  a  catalyst.  Silver 
ions  in  contact  with  this  metal  speck  are 
polarized  in  the  fashion  described  above  and 
are  then  able  to  accept  electrons  from  the 
developer  solution.  The  silver  ions  either 
may  come  from  the  bromide  grain  (chemi¬ 
cal  development)  or  they  may  be  added 
with  the  developing  solution  (physical  de¬ 
velopment).  This  lowering  of  the  activation 
energy  of  the  reduction  of  heavy  metal  ions 
by  deforming  them  at  a  metal-liquid  or 
metal-gas  interface  is  rather  widely  used. 

An  ammoniacal  solution  of  a  cupric  com¬ 
pound  does  not  react  with  formaldehyde 
except  in  the  presence  of  a  noble  metal, 
such  as  Ag,  Au,  or  Pt,  where  metallic  copper 
may  be  deposited.  Vomer®  has  taken  ad¬ 
vantage  of  the  catalytic  activity  of  metallic 
silver  on  this  reaction  and  has  developed  a 
method  for  depositing  copper  films  on  glass. 
For  this  purpose,  the  glass  is  first  coated 
with  a  very  thin  layer  of  metallic  silver  and 
then  brought  into  contact  with  the  ammoni-  ! 
acal  copper-tartrate-formaldehyde  solution.  | 
The  silver  layer  can  be  so  thin  that  it  is  in-  ' 
visible,  and  still  it  causes  the  Cu®+  ions  j 
to  be  reduced  to  the  metal.  According  to  | 
Rule  I,  we  may  describe  this  catalytic  I 
reaction  as  follows:  The  metallic  film  of  j 
silver  adsorbs  Cu®+  ions  and  deforms  them  , 
in  a  fashion  described  by  scheme  I.  A  I 
metallic  bond  is  formed  between  the  Ag  i 
metal  and  Cu®+  ions  by  increasing  the  ' 
electron  density  between  the  metallic  phase  I 
and  the  Cu®+  nucleus.  This,  in  turn,  j 
causes  the  cupric  ion  to  resemble  a  Cu*^  ( 
or  a  Cu^"'"  ion  towards  the  solution.  It  is  | 
not  surprising  that  such  a  deformed  cupric  f 
ion  now  attracts  electrons  from  the  reduc¬ 
ing  agent  and  changes  into  a  neutral  atom.  1 
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I  This  atom  then  polarizes  another  Cu^ 
ion  in  the  same  fashion  until  the  reduction 

I  of  the  cupric  salt  is  completed  or  the  re¬ 
ducing  agent  is  oxidized. 

The  same  explanation  applies  to  a 
method  of  precipitating  metallic  nickel 
I  on  glass  which  has  been  developed  by 
i  Pragst.'®  An  ammoniacal  solution  of  a 
!  nickel  salt  containing  NaOH  does  not 
:  readily  react  with  hydrazine  compounds 
:  except  in  the  presence  of  noble  metals  which 
i  catalyze  the  reduction  of  Ni®+  to  the  metal 
or  the  oxidation  of  hydrazine  to  nitrogen 
t  by  Ni®+  ions. 

I  The  surface  of  a  solid  containing  cations 
:  of  low  polarizability  is  formed  primarily 
I  by  anions.  The  higher  polarizability  of 
the  anions  allows  them  to  adjust  their  elec¬ 
tron  configurations  better  and,  with  them, 
to  decrease  their  force  fields  extending 
into  space.  This  deformation  lowers  the 
surface  free  energy  of  the  solid.  Scheme 
II*  represents  the  adsorption  of  a  silver 
ion  on  the  surface  of  alumina,  i.e.,  a  surface 
which  consists  primarily  of  anions.  The 
deformation  of  the  Ag''"  ion  is  such  that  the 
electrons  are  repelled  by  the  carrier  so  that 
the  Ag+  ion  behaves  like  an  Ag^  ion  in  the 
direction  towards  the  carrier.  Its  asym¬ 
metrical  electron  distribution  causes  it  to 
I  assume  chemical  properties  resembling 
I  atomic  silver  in  the  direction  of  the  solution. 

I  Rule  II.  Carriers  consisting  of  anions 
having  a  low  or  a  medium  polarizability 
i  and  of  highly  charged  cations  deform 
]  adsorbed  cations  of  the  non-noble  gas- 
I  type  in  a  manner  which  causes  their 
I  chemical  behavior  to  be  shifted  towa’-d 
that  of  the  same  element  in  a  lower  state 
\  of  oxidation  (Ag+  — >  Ag°). 
j  This  description  of  the  polarized  cation 
will  be  used  to  explain  some  catalytic  reac- 
j  tions. 

The  deposition  of  a  silver  mirror  on  glass 
is  a  typical  catalytic  reaction  covered  by 
Rule  II.  Gardner  and  Case”  write:  “In 
commercial  silvering  many  manipulators 
follow  the  cleansing  of  the  glass  surface 
with  nitric  acid  by  a  vigorous  swabbing 
with  a  saturated  solution  of  stannous 

*  Also  illustrated  by  a  lantern  slide. 
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chloride  (SnCU)  which  is  carefully  rinsed 
off  with  warm  water.  This  is  regarded 
as  an  essential  feature  in  many  of  the 
‘secret  processes’  used  in  the  trade.”  The 
adsorbed  Sn^  ion  which  is  deformed  under 
the  influence  of  the  OH~  or  ions  of  the 
glass  surface  can  be  described  as  an  Sn*+ 
ion  in  its  behavior  toward  the  glass  and  as 
metallic  Sn  in  its  reactions  toward  the 
silvering  solution.  There  are  many  dif¬ 
ferent  processes  for  depositing  silver  on 
glass,  but  all  of  them  have  one  thing  in 
common:  a  mixture  of  a  silver  compound 
with  a  reducing  agent  which  does  not  react 
with  noticeable  speed  but  requires  a  cata¬ 
lyst.  The  presence  of  deformed  Sn®+  ions 
at  such  a  surface  catalyzes  the  Ag  deposi¬ 
tion  and  provides  good  adhesion  according 
to  the  scheme: 

glass  surface  —  (Sn*+  —  Sn**)  —  metallic 
silver. 

Between  the  polarized  Sn^  ion  and  the 
glass,  the  strong  Coulomb  forces  charac¬ 
teristic  for  (y~  —  Sn^'*'  ions  are  in  effect. 
Between  the  polarized  Sn®+  ion  and  the 
metallic  silver,  one  can  expect  the  forma¬ 
tion  of  metallic  bonds. 

The  reduction  of  Ag+  ions  is  catalyzed  by 
the  glass  alone  because  the  Ag+  ions  can 
undergo  a  similar  deformation  as  described 
for  the  Sn®+  ions.  This  can  be  proved  by 
the  “metallic”  properties  of  Ag+  ions  ad¬ 
sorbed  at  a  carrier  such  as  glass  or  AUOs. 

The  decomposition  of  hydrogen  peroxide 
is  not  affected  by  glass  powder  or  by  alu¬ 
mina.  The  presence  of  Ag^  ion  in  aqueous 
solution  is  equally  ineffective  on  the  rate 
of  this  reaction.  This  reaction  can  be 
strongly  accelerated  by  noble  metals  such 
as  silver,  probably  because  the  surface  of 
a  metal,  with  its  high  electron  density, 
increases  the  probability  of  the  electron 
transfer  which  leads  to  O2  and  HoO  ac¬ 
cording  to 

2H2O2  =  2H2O  -I-  O2. 

We  have  found”  that  by  adsorbing  silver 
ions  at  glass  or  at  alumina  one  can  imitate 
the  surface  of  a  metal.  The  simultaneous 
presence  of  Ag+  ions  and  glass  powder  or 
alumina  catalyzes  this  reaction.  The  same 
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is  true  for  Hg^^"  ions  which  are  ineffective 
by  themselves  but  turn  into  positive  cata¬ 
lysts  when  adsorbed  at  alumina. 

The  fact  that  a  carrier  influences  the 
chemical  properties  of  an  adsorbed  ion  or 
molecule  is  so  well  established  that  a 
chemist  takes  for  granted  that  the  chem¬ 
ical  behavior  of  an  adsorbed  substance 
depends  on  the  nature  of  the  carrier. 
Newton’s  principle  of  action  and  reaction 
being  equal  allows  us  to  expect  that  the 
behavior  of  the  carrier  should  also  be 
affected  by  the  nature  of  adsorbed  ions. 

Due  to  their  free  electrons,  noble  metals 
show  a  number  of  characteristic  catalytic 
activities  such  as  enhancing  the  oxidation 
of  hydrogen  gas  or  the  decomposition  of 
H2O2  molecules  in  aqueous  solutions.  The 
adsorption  of  ions  at  the  surface  of  a  metal 
can  be  described  as  the  result  of  its  pro¬ 
ducing  image  forces  in  the  highly  polariz¬ 
able  metal  surface.  The  contact  of  a 
metal  surface  with  the  cube  face  of  a  NaCl 
crystal,  for  example,  produces  in  the  metal 
a  checkered  pattern  of  electrical  fields 
characterized  by  higher  and  lower  electron 
densities.  The  Na+  ions  attract,  and  the 
Cl“  ions  repel,  electrons.  As  a  result,  the 
metal  surface  no  longer  permits  electrons 
to  flow  “freely.”  In  the  surface  of  the 
polarized  metal,  the  flow  of  electrons  now 
requires  an  activation  energy,  because  they 
have  to  move  through  areas  with  higher 
electron  density  from  which  they  are  re¬ 
pelled  and  through  areas  of  lower  electron 
density  which  have  a  tendency  to  retain 
them. 

Rule  III.  A  metal  in  contact  with 
crystal  surfaces  or  with  adsorbed  dipole 
molecules  which  produce  positive  and 
negative  force  fields  has  its  electronic 
conductivity  changed  from  that  of  a  true 
conductor  toward  that  of  a  semiconduc¬ 
tor.  The  electrical  resistivity  increases 
in  magnitude  and  its  temperature  coeffi¬ 
cient  decreases.  For  very  thin  metal 
films,  the  temperature  coefficient  of  the 
surface  resistivity  may  become  nega¬ 
tive. 


This  phenomenon  has  been  observed 
for  thin  films  of  metals  evaporated  in  vacuo 
onto  a  degassed  glass  surface.  Appleyard^* 
was  the  first  to  report  this  unusual  be-  | 

havior  of  alkali  metals  and  emphasized  j 

that  this  phenomenon  cannot  be  explained 
by  any  simple  theory  of  metallic  conduc-  j 
tion:  “It  is  indeed  clear,  that  no  form  of  I 
mere  geometrical  disintegration  of  the  film  j 
such  as  spongyness  or  porosity  can  give  a  I 
negative  coefficient  (of  electrical  resistiv-  j 
ity)  to  a  film  if  the  bulk  metal  has  the  nor-  f 
mal  positive  temperature  coefficient.”  The  I 
same  phenomenori  has  been  found  for  thin  I 
platinum  films  on  glass  by  Vodar  and  Mos-  j 
towitch.“  I 

Von  Itterbeek  and  de  Greve*®  recently  j 
called  attention  to  the  negative  temperature 
coefficient  for  electrical  resistance  of  nickel 
films  having  a  thickness  below  -10  m/u. 

The  same  authors  found  that  the  electrical 
conductivity  of  thin  nickel  films  may  devi-  j 
ate  from  Ohm’s  law  and  increase  with  the  i 
applied  voltage.  5 

For  metal  films  which  are  sufficiently  j 
thin,  the  normal  electrical  properties  of  | 
the  bulk  metal  are  decreased  at  the  ex-  ! 
pense  of  the  semiconducting  properties  of 
the  surface  films.  The  surface  film  of  a 
metal  shows  all  the  characteristics  of  a 
crystal  with  “available”  but  not  “com-  | 
pletely  free”  conduction  electrons:  nega-  j 
tive  temperature  coefficient  for  electrical 
resistances  and  deviation  from  Ohms  Law. 

This  polarization  of  a  finely  subdivided 
metal,  either  as  film  or  powder,  offers  un¬ 
usual  possibilities  for  synthesizing  semi¬ 
conductors.  Recent  work  of  Hausner”  j 
seems  to  be  a  step  in  this  direction  from  a  ' 
commercial  point  of  view.  j 

The  magnitude  of  the  force  field  of  the  j 
ionic  substance  in  contact  with  the  metal 
is  very  important  for  this  purpose.  Com-  | 
pounds  such  as  rubidium  iodide  cannot  be  | 
very  effective  in  this  respect  because  the 
high  polarizabilities  of  the  large  Rb'*'  and  L  ( 
I~  ions  result  in  weak  force  fields  (low  j’  ( 
surface  tension).  MgO  or  BeO,  in  contact  1  ( 

with  a  metal,  should  be  much  better  suited  |  t 
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for  producing  semiconductors.  The  dif-  or  with  Hg*+  ions  has  lost  its  catalytic 
ference  in  the  polarizabilities  of  a  cation  properties  because  these  cations  are  so 
and  an  anion  decides  which  ion  is  the  most  strongly  deformed  by  the  metal  that  the 
likely  to  be  adsorbed  at  a  metal  surface,  system  Metal-Pb^  can  be  adequately 
The  greater  the  polarizability  of  an  ion,  described  by  the  scheme  Metal  —  (Pb°  — 
the  better  it  is  suited  to  bridge  the  gap  Pb^).  As  a  result,  the  metallic  character 
between  two  incompatible  media,  i.e.,  disappears  and  strong  ionic  forces  are  ex- 
to  lower  the  interfacial  energy  of  systems  tended  into  the  solution  or  into  the  gas 
such  as  metal-gas  or  metal-aqueous  solu-  phase.  Chemical  reactions  which  are  cata- 
tion.  This  phenomenon  is  very  important  lyzed  by  a  surface  of  high  electron  density 
for  reactions  which  are  catalyzed  by  a  noble  are  not  likely  to  occur  at  a  noble  metal 
metal,  because  it  shows  how  the  activity  covered  with  Hg^  or  Pb“+  ions.  Cations 
of  a  metal  can  be  poisoned  as  well  as  en-  of  high  polarizability  act  as  catalytic 
hanced.  Bringing  cations  of  low  polariza-  poisons.  The  same  effect  can  be  produced 
bility  (noble  gas-type  ions)  onto  the  surface  by  compounds  containing  large  and,  there¬ 
of  a  noble  metal  accentuates  its  “metallic  fore,  highly  polarizable  anions  such  as 
properties”  because  their  positive  charge  S^~,  Se-~,  P’“,  N*“,  etc. 
raises  the  electron  density  in  the  metal  Rule  V.  Those  catalytic  activities  of 
surface.  Cations  with  a  complete  octet  noble  metals  which  are  based  on  the 

shell  have  long  been  used  to  produce  “super  high  electron  density  and  electron  mobil- 

metallic”  properties  in  metals.  Electronic  ity  characteristic  for  their  surfaces  are 
devices  take  advantage  of  the  fact  that  the  poisoned  by  cations  or  anions  of  high 

oxide-coated  cathode  has  a  much  greater  polarizability  (Pb^,  Hg^,  S^“,  P®~,  N*~). 

electron  emissivity  than  a  pure  metal  at  The  greater  the  deformability  of  ions, 
the  same  temperature  because  the  polar  the  better  they  can  bridge  the  gap  which 
oxide  induces  spots  of  high  electronic  dens-  exists  between  a  metal  and  a  gas  or  a  metal 
ities  in  the  polarizable  metal  as  described  and  a  solution.  These  ions  lower  the  free 
by  VVeyl  and  Forland.'^  The  same  applies  energy  of  the  interface,  and  for  this  reason 
to  the  catalytic  properties  of  noble  metals,  they  are  preferentially  adsorbed  and  are 
As  early  as  1841,  Dubeieiner'*  improved  effective  even  in  verj"  low  concentrations, 
one  of  the  first  catalysts  ever  investigated.  Just  as  Pb-''"  ions  can  be  made  to  assume 
namely,  the  platinum  spwnge,  by  bringing  the  character  of  Pb*+  ions  towards  the 
I  alkali  onto  its  surface.  In  the  same  fashion,  solution  by  adsorbing  them  at  a  metal 
Bredig^®  increased  the  catalytic  activity  of  surface,  so  also  can  one  polarize  them  in  the 
this  metal  in  respect  to  the  decomposition  of  opposite  direction  so  that  they  will  assume 
hydrogen  peroxide  by  the  addition  of  alkali,  “metallic  properties”  towards  the  solution. 

Rtde  IV.  The  catalytic  activity  of  a  This  is  the  case  for  the  surface  of  a  PbF2 
*  metal  surface  can  be  accentuated  by  crystal,  where  the  Pb®''"  ions  are  deformed 

!  bringing  cations  with  medium  or  low  by  the  F“  ions. 

i  polarizability  onto  its  surface.  Their  The  polarizabilities  of  Pb®'*'  and  Br“  ions 

1  positive  force  fields  increase  the  electronic  are  both  rather  high,  so  that  one  cannot  ex¬ 

density  in  the  metal  surface  and  cause  pect  the  surface  of  a  PbBr2  crystal  to  differ 
j  the  surface  to  assume  “super  metallic”  greatly  from  that  of  the  bulk.  Going  from 

I  properties.  lead  bromide  or  chloride  to  the  fluoride, 

r  For  this  purpose,  cations  of  low  to  me-  one  can  expect  that  the  surfaces  are  formed 

[  dium  polarizability  are  best  suited,  because  predominantly  from  Pb®''"  ions.  The  sur- 
j  cations  of  high  polarizability  change  the  face  free  energy  of  a  PbF2  crystal  is  lowest 
[  character  of  the  metal  surface  completely,  if  the  most  polarizable  ion,  in  this  case  no 
I  A  metal  surface  covered  with  Pb®"*"  ions  doubt  the  Pb®''"  ion,  forms  the  extreme 
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outer  surface  layer.  The  deformed 
ions  can  be  described  as  extending  strong 
positive  force  fields  towards  the  fluorine 
ions  (thus  behaving  like  Pb*+  ions  toward 
the  interior  of  the  crystal).  The  fluorine 
ions,  on  the  other  hand,  repel  the  two  outer 
electrons  of  the  Pb^  ions  in  a  fashion  which 
can  be  described  as  causing  these  ions  to 
assume  the  high  electron  density  of  the 
atoms  in  the  outward  direction.  This  reas¬ 
oning  led  to  the  discovery  of  PbFj  behav¬ 
ing  like  a  noble  metal  and  catalyzing  the 
decomposition  of  hydrogen  peroxide.** 

Frequently,  the  conditions  described  in 
these  rules  may  not  apply  to  a  reaction 
from  its  very  beginning,  but  develop  as 
the  reaction  proceeds.  A  typical  auto- 
catalytic  reaction,  i.e.,  a  reaction  where  one 
of  the  reaction  products  assumes  the  role 
of  the  catalyst,  is  the  reduction  of  cupric 
oxide  by  hydrogen.  This  reaction  will 
be  used  to  demonstrate  the  mechanism  of 
autocatalysis  and  to  explain  why  the  pres¬ 
ence  of  elemental  copper  decreases  the 
activation  energy  of  the  reduction  of  its 
oxide. 

Pease  and  Taylor^*  found  that  the  induc¬ 
tion  period  of  this  reaction  can  be  short¬ 
ened  by  adding  metallic  copper  to  the  oxide. 
The  reaction 

Cu*+(P-  -1-  H2  =  Cu  -1-  H2+(P- 

can  be  described  as  the  Cu**"  ions  attract¬ 
ing  two  electrons  from  a  chemisorbed  hy¬ 
drogen  molecule,  thus  forming  two  protons 
and  a  copper  atom.  In  Rule  I,  the  com¬ 
bination  Metal-Polarizable  Cation  has  been 
described  as  Me  —  (Cu°Cu^+).  The  cupric 
ion,  in  contact  with  metallic  copjjer,  is 
deformed  in  a  fashion  which  causes  it  to 
extend  metallic  bonds  to  the  metal  atom 
and,  as  a  result,  to  emanate  a  stronger 
positive  force  field  into  the  gas  phase. 
Consequently,  the  couple  copper-cupric 
oxide  has  a  greater  affinity  for  the  electrons 
of  the  hydrogen  and  can  be  more  readily 
reduced  than  the  pure  cupric  oxide  alone. 
This  concept  tells  us  why  this  reaction  is 
autocatalytic  and,  furthermore,  allows  one 
to  predict  that  intimate  mixtures  of  CuO 


with  metallic  Au,  Ag,  or  Pt  will  be  more 
readily  reduced  by  hydrogen  than  the 
pure  oxide. 

Combinations  of  this  type  are  used  for 
oxidizing  carbon  monoxide  at  low  tempera¬ 
tures.  Silver  oxide  is  readily  reduced  by 
carbon  monoxide  and  forms  metallic  silver 
and  carbon  dioxide.  The  oxides  of  Mn, 
Cu,  Co,  and  Ni,  when  applied  in  their 
pure  states,  do  not  react  with  carbon 
monoxide  at  room  temperature  with  suflS- 
cient  speed,  but  they  will  do  so  when  mixed 
with  Ag20.  Very  probably,  this  mixed 
catalyst  (Hopcalite)  owes  its  activity  to 
the  formation  of  atomic  silver,  which 
aggregates  to  form  tiny  silver  specks  anal¬ 
ogous  to  the  formation  of  the  latent  image 
in  the  photographic  process.  A  speck  con¬ 
sisting  of  ten  or  twenty  Ag  atoms  polarizes 
the  cations  of  the  other  metal  oxides  as 
described  above.  This  catalyst  resembles 
the  photographic  emulsion,  which  becomes 
developable  by  a  weak  reducing  agent 
once  a  silver  speck  has  formed. 

Disturbance  of  the  Surface  and  its  Depth 
Action.  It  is  not  possible  in  this  paper  to 
give  a  complete  description  of  the  influence 
of  the  polarizability  of  ions  on  the  surface 
chemistry  of  solids.  In  recent  publications, 
the  author  described  in  more  detail  its 
effect  on  the  hygroscopicity“  and  the  wet¬ 
tability*®  of  solids,  as  well  as  on  the  adhe¬ 
sion  forces  between  different  solids.*^ 

There  is  one  important  feature,  however, 
which  must  be  mentioned  briefly,  because 
it  seems  that  this  particular  manifestation 
of  the  polarizability  of  the  lattice  constitu¬ 
ents  is  not  yet  generally  understood. 

The  fact  that  a  surface  of  a  solid  differs 
from  the  bulk  is  obvious  and  is  well  recog¬ 
nized.  If  one  assumes  a  different  surface 
structure,  however,  one  must  also  assume 
a  finite  distance  between  this  structure  and 
that  of  the  bulk.  Bulk  structure  and  sur¬ 
face  structure  cannot  be  treated  as  inde¬ 
pendent  of  each  other  and,  consequently, 
a  depth  action  results  which  depends  upon 
the  polarizability  of  the  constituents. 

This  depth  action  might  be  negligible 
in  substances  of  low  polarizability  (NaCl), 
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t  but  it  must  be  considerable  in  metals. 

W.  Braunbeck**  examined  the  conductivity 
I  of  a  platinum  foil  2  microns  thick  in  differ¬ 
ent  gases.  The  abrupt  transition  from 
metal  to  vacuum  creates  a  disturbance  of 
I  the  surface  which  must  exert  a  considerable 

I  depth  action,  i.e.,  it  causes  the  atomic  struc¬ 
ture  of  the  metal  to  deviate  from  its  ideal 
i  or  bulk  structure  over  a  region  which  is 
many  atoms  thick.  By  bringing  gases  onto 
the  metal  surface,  the  abruptness  of  the 
transition,  metal-vacuum,  is  decreased  by 
‘  the  adsorbed  gas  molecules,  and  the  surface 

I  film  approaches  a  more  orderly  arrange¬ 
ment  of  the  atoms,  as  can  be  seen  from  the 
electric  conductivity.  Helium,  a  gas  of 
I  low  polarizability,  was  found  to  increase 
the  conductivity  of  these  platinum  foils 
;  0.1  per  cent  over  that  in  vacuo.  The  more 

‘  polarizable  argon  and  oxygen  atoms  were 
I  found  to  be  three  and  five  times  respec- 
j  tively  as  effective  as  helium, 
j  The  depth  action  which  a  disturbance 
■  creates  in  highly  polarizable  metals  can  be 
judged  from  the  fact  that  it  is  possible  to 
harden  metallic  lead  by  a  minor  addition 
of  the  still  softer  sodium  or  calcium  metal. 
Foreign  atoms  of  different  size,  charge, 
or  electron  configuration  produce  disturb¬ 
ances  in  the  metal  which  must  have  con¬ 
siderable  depth  action  in  order  to  be  effec¬ 
tive  in  these  low  concentrations.  For 
chemists  interested  in  catalysis,  there  are 
two  manifestations  of  the  depth  action  in 
metals  which  are  of  utmost  importance. 

The  first  phenomenon  deals  with  the 
metallic  properties  of  a  noble  metal  as  a 
I  function  of  the  particle  size.  Good  elec- 
!  tronic  conductivity  of  the  surface  of  a 
!  metal  requires  a  certain  state  of  order.  In 
j  order  to  have  such  a  surface,  it  has  to  be 
backed  up  by  a  deep  layer  of  the  metal. 

I  This  means  that  the  catalytic  properties 
■j  of  a  noble  metal  can  decrease  if  its  sub- 
■  division  is  carried  too  far.  It  has  been 
found,  for  example,  that  the  catalytic  action 
!  of  a  certain  quantity  of  metallic  gold  first 
■  increases  with  increased  surface  develop- 
f  ment,  but  passes  through  an  optimum  in 
5  order  to  decline  with  further  subdivision. 

I 


Some  data  of  Rusznyak**  will  be  given  as 
an  example.  The  decomposition  of  SO 
per  cent  of  the  hydrogen  peroxide  added  to 
colloidal  gold  required  14  minutes  for  a 
sol  having  a  particle  size  of  42  m^t.  De¬ 
creasing  the  particle  size  to  31  m/i  more  than 
doubled  the  time,  and  particles  of  29  mu 
required  32  minutes.  The  finer  particles 
are  less  efficient  because  their  surface 
structure  is  less  orderly  and  less  conducive 
to  electron  transfer  than  that  of  a  large 
gold  particle.  It  is  well  established  that 
a  silver  speck  must  have  a  certain  size  in 
order  to  become  a  catalyst  and  to  make  the 
silver  bromide  grain  developable. 

The  strong  association  between  the  elec¬ 
tronic  properties  of  finely  divided  metals 
and  the  surrounding  media  is  not  limited 
to  conductivity  (Braunbeck^®)  but  mani¬ 
fests  itself  in  the  light  absorption  as  well. 
Nearly  one  hundred  years  ago,  in  1857, 
Faraday*^  published  his  classical  studies 
on  the  relations  of  gold  and  other  metals 
to  light  and  described  that  the  color  of  finely 
subdivided  metal  depends  on  the  nature  of 
the  environment:  “The  effect  strengthens 
in  my  mind  the  thought  that  in  the  ruby 
fluids  the  deposited  particles  are  frequently 
associates  of  water  and  gold.  It  is  a  strik¬ 
ing  case  of  the  joint  effect  of  the  media 
and  the  gold  in  this  action  on  the  rays  of 
light  and  the  most  striking  amongst  those 
where  the  medium  may  be  changed  to  and 
fro.” 

The  second  manifestation  of  the  depth 
action  is  related  to  the  fact  that  the  proper¬ 
ties  of  a  metal  surface  can  be  changed  by 
backing  it  up  by  various  carrier  substances. 
The  catalytic  activity  of  cobalt  or  of  nickel 
films  can  be  improved  by  bringing  these 
metals  onto  the  surface  of  certain  carriers, 
such  as  ThOz.  Just  as  the  electron  cmis- 
sivity  and  the  catalytic  activity  of  a  metal 
surface  can  be  improved  by  bringing  cer¬ 
tain  cations  onto  the  surface  (Rule  IV), 
its  catalytic  properties  can  be  modified 
by  backing  the  film  up  with  different  oxides. 
One  of  the  most  spectacular  effects  reveal¬ 
ing  this  depth  action  is  an  observation 
made  by  Schwab*®  and  his  collaborators. 
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They  found  that  copper  or  nickel  precipi¬ 
tated  onto  the  surface  of  dextro-rotatory 
quartz  crystals  dehydrates  laevo-rotatory 
butyl  alcohol  faster  than  its  optical  anti¬ 
pode.  Normally,  these  metals,  being  op¬ 
tically  inactive  themselves,  must  catalyze 
both  reactions  in  precisely  the  same  fashion. 
The  optically  active  quartz  surface  seems 
to  impress  its  force  field  upon  the  metal 
film,  however,  and  the  resulting  image 
forces  cause  a  distortion  within  the  metal 
film  which  has  sufficient  depth  action  to 
become  noticeable  on  its  other  side  in  the 
form  of  a  different  geometry  and  different 
lattice  distances. 

Cottclusions.  Our  knowledge  of  cataly¬ 
tic  phenomena  is  increasing  very  rapidly. 
There  is  no  doubt  that  crystal  chemistry 
is  the  natural  basis  for  the  understanding 
of  heterogeneous  catalysis  involving  crystal 
surfaces.  Up  to  the  present  time,  crystal 
chemistry’  has  been  restricted  to  the  treat¬ 
ment  of  crystals  as  arrays  of  ions  which 
extend  infinitely  in  space.  Some  of  the 
most  interesting  physical  properties 
(strength,  low  temperature,  electronic  con¬ 
ductivity,  fluorescence,  etc.)  are  governed 
by  the  deviations  from  ideal  patterns  or 
by  the  defects  occurring  in  the  crystal. 
The  chemical  properties  are  functions  of 
the  surface  structure  which,  too,  must  be 
treated  as  a  defective  crystal.  The  param¬ 
eters  used  for  describing  the  bulk  of  the 
crystal  cannot  be  applied  to  its  surface. 

In  order  to  understand  better  certain 
color  phenomena  concerning  natural  min¬ 
erals  and  synthetic  pigments,  it  became 
necessary  to  extend  crystal  chemistry  so 
as  to  include  defective  structures.  This 
could  be  done  on  the  basis  which  was  laid 
by  Goldschmidt^  but  the  emphasis  had  to 
be  shifted  towards  ionic  deformation.  Gold¬ 
schmidt,  in  his  work  on  the  properties  of 
crystals  as  related  to  their  chemical  com¬ 
position,  treats  the  size,  charge,  and  polar¬ 
izability  of  the  ions  on  a  par.  This  treat¬ 
ment  is  justified  as  long  as  it  refers  to 
certain  bulk  properties.  The  so-called 
structure  sensitive  physical  properties  and 
the  surface  chemistry,  however,  are  most 


strongly  influenced  by  the  polarizability 
of  the  ions.  In  perfect  crystals,  the  size 
of  the  ions  is  a  very  important  property, 
because  it  determines  their  Coulomb  forces. 
On  the  basis  of  Fajans’  rules,  Weyl  and 
Forland  extended  crystal  chemistry  to 
include  defective  structures  and  explained 
some  of  the  unusual  color  phenomena 
characteristic  for  minerals.* 

The  same  ideas  have  now  been  used  for 
explaining  the  chemical  behavior  of  ions 
adsorbed  at  various  carriers.  As  far  as 
the  qualitative  aspects  are  concerned,  this 
treatment  is  very  simple.  There  are  major 
difficulties  concerning  its  quantitative  treat¬ 
ment,  however,  and  it  will  probably  take  a 
long  time  to  bring  this  approach  to  a  more 
quantitative  basis. 
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ELECTROM.^GXETIC  COMPUTING 
DE\TCES* 

By  DONALD  HERRf 

This  paper  deals  with  the  generalized 
transfer-functions  available  through  the 
use  of  electromagnetic  computing  devices 
which  consist  of  two  concentric,  right  cir¬ 
cular  cylindrical,  magnetic  structures,  each 
containing  generalized  conductor  distribu¬ 
tions,  numbers  of  poles,  skewnesses,  and 
physical  dimensions.  Such  devices,  when 
used  as  voltage-  (or  other)  transfer  devices, 
in  terms  of  the  angle  of  relative  rotation 
between  the  two  magnetic  structures,  find 
great  use  in  high-precision,  continuous  com¬ 
puting  applications  in  analogue  computers 
and  control  systems.  For  e.xample,  such 
electromagnetic  induction  devices  may  be 
used  to  provide  output  voltages  which  are 
proportional  to  the  sine  or  cosine  of  the 
angle  of  relative  rotation,  in  which  case 
they  are  called  resolvers;  for  developing 
output  voltages  which  are  linearly  pro¬ 
portional  to  the  angle  of  rotation  itself, 
in  which  case  they  are  called  linear  poten¬ 
tiometers;  or,  for  the  generation  of  other 
useful,  arbitrary  output-voltage  functions 
of  the  angle  of  rotation. 

One  such  specific,  but  by  no  means  limit¬ 
ing,  example  is  the  electromagnetic  induc¬ 
tion  resolver.  Prior  to  World  War  II, 

*  This  paper,  illustrated  with  lantern  slides,  was  presented 
at  the  meeting  of  the  Section,  19,  1950.  This  was  the 
inaugural  meeting  of  the  Section.  This  is  a  condensation  and 
does  not  contain  all  material  presented  or  available. 

t  Reeves  Instrument  Corporation,  New  York,  N.  Y. 


the  computing  operations  of  \-ector  resolu¬ 
tion  and  composition,  the  solution  of  plane 
and  spherical  triangles,  and  the  transmission 
and  reception  of  position  data  between  re¬ 
mote  points  were  performed  by  mechanical 
resolvers  almost  entirely.  These  mechan¬ 
ical  devices  were  essentially  “Scotch-yoke” 
mechanisms  and  were  large  in  volume, 
heavy,  precision-machined,  expensive,  and 
seriously  subject  to  the  effects  of  mechan¬ 
ical  shock  and  vibration.  Since  that  time 
various  embodiments  of  electromagnetic 
induction  resolvers  have  appeared.  One 
of  the  specific  results  of  the  research,  de¬ 
velopment,  design,  and  manufacturing  pro¬ 
gram  which  has  made  this  paper  possible 
is  the  creation  of  a  new  high-precision,  uni¬ 
versal-frequency  resolver  weighing  only 
approximately  one  pound,  having  a  volume 
less  than  18  cubic  inches  and  a  functional 
error  less  than  ±0.05  of  1  per  cent  over  360 
degrees  of  rotation.  In  addition,  it  pos¬ 
sesses  greatly  reduced  noise  content  over  a 
wide  range  of  excitation  voltage  and, 
when  used  with  its  appropriate  compensat¬ 
ing  amplifier,  it  operates  on  any  carrier 
frequency,  from  50  cycles  per  second  to 
greater  than  2  kilocycles  per  second. 

Essentially,  the  fundamental  problem 
has  to  do  with  the  control  of  the  amplitudes 
of  the  space  harmonics  of  the  Fourier 
Series  in  describing,  in  most  general  terms, 
the  arbitrary  space  (a.c.)  flux-density  func¬ 
tion  which  it  is  desired  to  generate  in  the 
magnetic  (air)  gap  between  stator  and 
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rotor  structures  by  the  generating  winding. 
The  generating  winding  may  be  situated 
on  either  the  stator  or  rotor  structure. 
For  purposes  of  dissertation,  it  is  assumed 
to  be  on  the  stator  structure.  The  prob¬ 
lem  also  has  to  do  with  control  of  the  ampli¬ 
tudes  of  the  space  harmonics  of  the  angle 
of  relative  rotation  between  stator  and  rotor 
structures,  which  are  induced  in  the  output, 
or  rotor  winding.  The  fundamental  as¬ 
pect  of  the  problem  of  voltage-transfer- 
function  devices  is  to  control  thereby  the 
amplitudes  of  the  space  harmonics  of  the 
output  voltage  as  a  function  of  angle  to  the 
prescribed  Fourier  coefficients  of  the  ar¬ 
bitrary  function  desired.  This  control  is 
accomplished  ideally  through  the  proper 
choice  of  the  number  of  stator  poles,  in 
the  slots  between  which  the  proper  con¬ 
ductor  distribution  of  the  generating  stator 
windings  are  located,  by  appropriate  skew¬ 
ness  of  the  stator  slots,  by  a  proper  choice 
of  the  number  of  rotor  poles,  by  appropri¬ 
ate  conductor  distribution  in  the  rotor 
slots  between  these  poles,  and  by  choice  of 
the  proper  skewness  of  the  rotor  poles. 

For  the  type  of  symmetry  of  interest  and 
for  a  fundamental  space  period  of  360  de¬ 
grees  of  rotation  (one  revolution  between 
stator  and  rotor),  the  numbers  of  the  stator 
and  rotor  poles  are  restricted  to  those 
which  are  an  integral  multiple  of  four  or 
an  integral  multiple  of  four  plus  two.  On 
the  same  basis,  it  is  ideally  possible  to  elimi¬ 
nate  all  even-order  space  harmonics  from 
consideration,  ab  initio.  Hence,  it  is  neces¬ 
sary  to  deal  only  with  the  amplitudes  of  all 
odd-order  space  harmonics. 

In  the  case  of  a  resolver,  the  basic  re¬ 
quirement  is  that  the  rotor  output  voltage 
consist  only  of  the  fundamental  space- 
harmonic  of  the  angle  of  rotation  between 
stator  and  rotor,  the  fundamental  period 
being  one  full  revolution.  Hence,  the  con¬ 
ditions  are  that  all  of  the  possible  odd-order 
harmonics  greater  than  the  first  to  be  elimi¬ 
nated  ideally  by  the  foregoing  means. 
Other  requirements  exist,  of  course,  such 
as  the  engineering  requirements  that  the 
fundamental  space-harmonic  output  volt¬ 


age  which  does  appear  be  proportional  to 
and  approximately  equal  in  maximum  value 
to  the  generating  winding  excitation,  and 
that  the  ratio  of  reactance  to  resistance  of 
the  generating  stator  winding  be  close  to 
the  physical  maximum. 

It  is  shown  for  each  of  the  two  possible 
numbers  of  poles  (slots),  on  stator  and 
rotor,  that  there  exist  two  different  possible 
conductor  distributions.  Hence,  four  basic 
pole  and  conductor  distributions  exist. 
These  are  denoted  as  types  A,  B,  C,  and  D, 
t)q)es  C  and  D  referring  to  the  two  possible 
arrays  for  magnetic  structures  with  num¬ 
ber  of  poles  (slots)  equal  to  an  integral 
multiple  of  four. 

For  a  double  winding  stator,  namely, 
two  distributed  stator  windings  located  on 
the  same  stator  structure  but  with  axis  90 
mechanical  degrees  apart  in  space,  if  one 
of  them  is  a  type  A,  then  the  other  is  a 
type  B;  if  one  of  them  is  a  type  C,  then  the 
other  is  a  type  C;  and  if  one  of  them  is  type 
D,  then  the  other  is  type  D. 

From  the  standpoint  of  complete  sup¬ 
pression  of  unwanted  space  harmonics,  the 
most  sujierior  suppression  patterns  are 
obtainable  with  types  A  and  D  stator  wind¬ 
ings.  Type  B,  the  necessary  mate  of  t)q)e 
A,  is  considerably  inferior  to  type  A,  where¬ 
as  type  C  is  inferior  in  its  space-harmonic 
suppression  pattern  to  all  other  types. 
Furthermore,  even  accepting  the  inferior 
type  B  winding,  the  use  of  a  type  A-type 
B  pair  means  two  different  stator  winding 
problems  and  two  different  stator  winding 
impedances,  as  well  as  two  different  space- 
harmonic  rejection  patterns. 

On  the  rotor,  the  same  four  types  of  pole- 
and-conductor  arrays  are  possible.  Here,  | 
however,  because  of  one  more  degree  of  j 
freedom,  the  types  A  and  B  are  equal  in  I 
their  space-harmonic  rejection  patterns, 
as  are  the  types  C  and  D. 

For  both  stator  and  rotor  types  A  and  D, 
the  only  space-harmonics  which  it  is  not 
possible  to  reject  simultaneously  and  com¬ 
pletely  are  those  which  are  equal  in  order 
to  an  integral  multiple  of  the  number  of 
poles  (slots)  plus  and  minus  one. 
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While  the  generating  structure  (here  de¬ 
noted  as  the  stator),  as  well  as  the  rotor 
structure,  may  have  its  poles  (slots)  skewed 
for  various  beneficial  results,  it  is  readily 
demonstrated  that  skewing  of  the  rotor  slots 
alone  one  slot  pitch  will  result  in  the  further 
suppression  of  just  those  pairs  of  space-har¬ 
monics  which  it  is  not  possible  to  eliminate 
completely  by  rotor  pole-and-conductor 
array. 

Ideally  then,  the  problem  consists  prefer¬ 
entially  of  using  type  D  pole-and-conductor 
arrays  on  both  stator  and  rotor  and  skew¬ 
ing  the  rotor  poles  one  slot  pitch.  For 
example,  in  a  20-pole  type  D  stator,  with 
the  exception  of  the  wanted  first  space- 
harmonic  or  space  fundamental,  the  only 
other  space  harmonics  which  are  generated 
in  the  air  gap  are  the  unwanted  ones, 
namely,  19th  and  21st,  39th  and  41st, 
59th  and  61st,  79th  and  81st,  eic.  Each 
of  these  appears  with  an  amplitude  with 
respect  to  the  fundamental  equal  to  the 
reciprocal  of  the  order  of  the  harmonic.  As 
far  as  the  type  D  rotor  is  concerned,  with 
the  exception  of  the  desired  first  space- 
harmonic  or  space  fundamental,  in  a  12- 
pole  (slot)  rotor  it  is  possible  to  suppress 
entirely  all  other  unwanted  space  harmonics 
except  the  11th  and  13th,  23rd  and  25th, 
35th  and  37th,  47th  and  49th,  59th  and  61st, 
elc.,  by  means  of  the  appropriate  conductor 
distribution.  Without  regard  to  skewing, 
the  amplitudes  of  the  remaining  rotor  har¬ 
monics  are  proportional  to,  among  other 
factors,  the  reciprocal  of  the  order  of  the 
harmonic,  with  respect  to  the  fundamental 
amplitude.  As  noted,  it  is  possible,  by  use 
of  rotor  skewness,  to  suppress  the  ampli¬ 
tudes  of  these  remaining  unwanted  space- 
harmonics  of  the  rotor  still  further.  By  use 
of  unity  skewness,  noted  above,  the  ratio 
of  these  unwanted  space  harmonics  with 
respect  to  the  fundamental,  in  amplitude, 
becomes  equal  to  the  reciprocal  of  the  square 
of  the  order  of  the  harmonic. 

Hence,  in  such  a  combination,  the  first 
unwanted  harmonic  which  the  stator  gen¬ 
erates  and  the  rotor  has  induced  in  it  con¬ 
sists  of  the  pair,  the  59th  and  61st  orders. 


and  these  bear  in  amplitude  a  ratio  to  the 
fundamental  of  approximately  the  recipro¬ 
cal  of  60  cubed,  in  the  ideal  situation. 

Other  considerations  enter  into  the  de¬ 
sign  of  high-precision,  universal-frequency 
computer  components  of  this  type.  Chiefly, 
they  involve  the  use  of  a  high  permeability, 
low  core-loss,  high  saturation  point,  homo¬ 
geneous,  annealed  magnetic  material  in 
both  the  stator  and  rotor  structures;  the 
proper  choice  of  stator  and  rotor  slot  shapes 
and  slot  openings;  the  cleanness  of  the 
magnetic  punchings  and  their  care;  the 
minimization  of  leakage  flux;  the  proper 
choice  of  air  gap  width  and  the  reduction  of 
end  and  slot  leakage  flux;  extreme  con¬ 
centricity  of  stator  and  rotor  structures 
(mechanically,  magnetically,  and  electric¬ 
ally)  ;  optimum  ratio  of  stator  and  rotor  lam¬ 
ination  stack  lengths  to  rotor  radius  and 
outside  stator  radius;  maximum  reactance- 
to-resistance  ratio;  and  finally,  the  manner 
of  winding  the  conductors  into  the  slots. 

The  foregoing  techniques  can  insure  mini¬ 
mum  noise  voltages  being  generated  in  the 
electromagnetic  devices,  which  are  con¬ 
siderations  apart  from  the  space-harmonic 
distribution  problem  treated  above. 

With  the  electromagnetic  computing  de¬ 
vice  itself  of  optimum  design,  the  compen¬ 
sation  of  the  electrical  phase-angle  of  the 
rotor  output  voltage,  with  respect  to  the 
stator  input  voltage,  and  the  precise  ad¬ 
justment  of  the  ratio  of  rotor  output  maxi¬ 
mum  amplitude  to  the  amplitude  of  the 
stator  input  or  excitation  voltage  require 
the  use  of  a  high-gain,  feedback,  booster- 
amplifier  compensator.  The  feedback  path 
may  consist  of  either  compensating  net¬ 
works  or  compensating  networks  plus  an 
internally  woimd  feedback  stator  winding. 
In  the  same  unit,  temperature  and  ampli¬ 
tude  linearity  compensation  may  be  ef¬ 
fected. 

By  the  foregoing  means,  the  residual 
unwanted  time-quadrature  and  time-har¬ 
monic  noise  components  are  greatly  re¬ 
duced  to  less  than  a  total  of  one  part  in 
a  thousand  of  the  maximum  rotor  out¬ 
put  voltage,  over  360  degrees  relative 
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stator-rotor  rotation,  over  an  input  range 
which  increases  from  60  volts  maximum 
at  60  cycles  per  second  carrier  frequency  to 
greater  than  300  volts  maximum  at  400 
and  1000  cycles  per  second  carrier  fre¬ 
quency,  in  the  same  device.  Additional 
practical  factors  involve  the  provisions  for 
least  weight  and  volume  of  the  computing 
device  and  its  booster-amplifier,  extreme 
shock  and  vibration  proofness,  corrosion 
resistance,  and  minimum  rotor  inertia  and 
friction. 

Entirely  subject  to  similar  considerations 
are  high-precision  universal-frequency  lin¬ 
ear  induction  potentiometers  and  other 
voltage-  (or  other)  function  generators. 
Similarly,  these  units  are  provided  with 
double-ended  shafting  as  well  as  single- 
ended  shafting  and  any  combination  of 
one  or  two  stator  windings  and  one  or  two 
rotor  windings. 

Based  upon  the  results  of  the  funda¬ 
mental  research,  development,  and  design 


program  outlined  herein,  the  Reeves  In¬ 
strument  Corporation  is  now  in  full  pro¬ 
duction  and  test  of  machine-wound  high- 
precision,  universal-frequency  a.c.  induction 
computing  components  of  the  t)q)e  de¬ 
scribed  to  fulfill  its  own  stringent  needs 
and  the  needs  of  others  in  large  quantities, 
with  assured  delivery  and  reasonable  cost. 

In  conclusion,  I  would  like  to  acknowl¬ 
edge  the  unstinting,  faithful,  and  most 
competent  work  of  my  two  chief  assistants, 
Mr.  John  D.  Loy,  Master  Instrument 
Machinist,  and  Mr.  Norman  R.  Blumen- 
stock.  Electronics  Engineer,  in  this  pro¬ 
gram.  V’ery  special  mention  is  made  of  Mr. 
Harry  D.  Belock,  Executive  Vice  Presi¬ 
dent  and  General  Manager  of  the  Reeves 
Instrument  Corporation,  whose  insistence 
upon  there  being  made  available  such  a 
high  quality  resolver  motivated  much  of 
this  work.  I  express  my  deepest  thanks  to 
Miss  Sophie  Regan  for  her  painstaking 
secretarial  help  and  encouragement. 
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INDUCED  PRECIPITATION  AND  EX¬ 
PERIMENTAL  METEOROLOGYt 

By  VINCENT  J.  SCHAEFERJ 
In  considering  the  general  aspects  of 
“induced  precipitation,”  there  are  a  few 
basic  scientific  facts  which  must  be  recog¬ 
nized  at  the  outset  if  we  are  to  make  sub¬ 
stantial  progress  in  evaluating  the  pos¬ 
sibilities  and  limitations  of  cloud  modifi¬ 
cations  produced  by  artificial  means.  There 
are  three  factors  in  the  physical  structure 
of  the  atmosphere  which  seem  to  be  of 
primary  importance  in  this  respect.  These 
are  (1)  supercooled  clouds,  (2)  ice  nuclei, 
and  (3)  the  synoptic  situation. 

*  On  May  22,  1950,  the  Section  of  Anthropolo^  held  a 
meeting  at  which  Marian  W.  Smith  read  a  paper  entitlra  “Test¬ 
ing  Anthropological  Field  Methods."  No  abstract  of  this 
paper  has  been  received. 

t  On  May  23,  1950,  the  Section  of  Oceanography  and  Mete¬ 
orology  held  a  symposium,  presided  over  ^  A.  F.  Merewether 
of  Pan-American  Airlines,  on  “Induced  Precipitation."  The 
first  paper,  of  which  no  abstract  has  been  received,  was  read  by 
Wallace  E.  Howell,  Harvard  University.  The  present  paper 
was  the  second  of  four  presented  at  the  symposium. 

t  General  Electric  Research  Laboratory,  Schenectady, 
New  York. 


Supercooled  Clouds.  Supercooled  clouds 
are  of  common  occurrence  in  the  natural 
atmosphere.  In  fact,  it  is  most  likely  that 
all  natural  clouds  supercool  whenever  their 
individual  droplets  cool  below  0°C. 

A  supercooled  cloud  is  inherently  un¬ 
stable.  This  is  due  to  the  difference  in  the 
partial  vapor  pressures  of  water  and  ice 
which  reach  a  maximum  at  about  —  14°C. 
At  all  temperatures  below  0°C,  however, 
an  ice  crystal  will  grow  at  the  expense  of 
the  nearby  supercooled  cloud  droplets, 
which  evaporate  and  condense  in  the  solid 
phase.*  The  shift  from  water  to  ice  causes 
an  increase  in  temperature  within  an  af¬ 
fected  cloud.  This  heat  of  sublimation 
may  range  from  a  few  hundredths  of  a 
degree  in  a  thin  stratus  cloud  to  two  or 
three  degrees  Centigrade  in  a  large  cumulus 
cloud.  The  speed  of  transformation  may 
require  ten  or  fifteen  minutes  or  only  a 
few  seconds,  depending  on  the  concentra¬ 
tion  of  ice  nuclei.  V’ery  rapid  transforma- 
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tions  occur  only  when  the  concentration  of 
ice  nuclei  is  of  the  order  of  1  X  lOVM®,  a 
condition  which  has  not  yet  been  reported 
to  exist  in  the  natural  atmosphere  and  one 
which  probably  never  occurs  in  clouds  ex¬ 
cept  at  temperatures  colder  than  —  39®C. 

It  is  a  simple  matter,  however,  to  pro¬ 
duce  such  a  condition  on  a  large  scale  by 
artificial  means,  using  either  dry  ice  or 
silver  iodide.®-*  It  is  this  fact  which  en¬ 
courages  us  to  believe  that  experimental 
meteorology  has  an  important  future  in 
certain  phases  of  meteorology. 

The  persistence  of  supercooling  thus 
seems  to  depend  primarily  on  the  tempera¬ 
ture  of  the  supercooled  cloud  and  the  pres¬ 
ence  or  lack  of  a  critical  concentration  of  ice 
nuclei.  In  the  absence  of  a  sufficient  con¬ 
centration  of  ice  nuclei  within  a  cloud,  it 
may  supercool  to  a  temperature  of  —  39°C. 
This  is  the  critical  temperature  at  which 
spontaneous  nucleation  occurs.*  It  is  now 
believed  that  except  in  very  special  cases, 
which  are  quite  unlikely  to  occur  in  the 
natural  atmosphere,  supercooling  will  not 
extend  beyond  —  39°C. 

Ice  Nttclei.  Many  observations  of  nat¬ 
ural  clouds  have  indicated  the  great  vari¬ 
ability  in  concentration  of  ice  nuclei  in  the 
free  atmosphere.  It  is  because  of  this 
fact  that  large  vertical  thicknesses  of  super¬ 
cooled  cloud  sometimes  occur.  In  fact, 
it  is  often  observed  that  large  towering 
cumulus  reach  the  —  39°C  isotherm  with 
substantial  quantities  of  the  cloud  still  in  a 
supercooled  state.  The  transformation  to 
ice  crystals  under  such  conditions  is  rapid 
and  sometimes  quite  spectacular,  although 
optical  effects  due  to  this  transformation 
are  generally  absent,  since  the  cloud  drop¬ 
lets  which  freeze  probably  remain  spherical. 
At  other  times,  the  cloud  shifts  over  to 
snow  at  a  warmer  temperature.  This 
variability  in  the  persistence  of  supercool- 
bg  is  consistent  with  the  physical  facts, 
which  are  now  fairly  well  understood  due 
to  recent  work  in  Europe  and  this  coimtry.®-® 

The  concentration  of  ice  nuclei  in  the 
free  atmosphere  has  been  the  subject  of 
“Project  Cirrus”  field  observations*  for 
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more  than  two  and  a  half  years.  Nearly 
6500  observations  have  been  made  at  the 
Mt.  Washmgton  Observatory  as  part  of 
this  program.  Air  passmg  the  mountam 
summit  at  an  altitude  of  about  6300  feet 
above  sea  level  is  introduced  mto  a  cold 
chamber,  a  supercooled  cloud  is  formed  at 
a  temperature  of  —  15°C  to  —  18°C,  and 
the  number  of  ice  crystals  which  form 
within  the  cloud  are  noted.  An  analysis 
of  these  data  shows  that  the  concentration 
of  potential  ice  nuclei  m  the  air  which 
passes  the  summit  of  Mt.  Washmgton 
varies  by  a  factor  of  more  than  a  million¬ 
fold.  These  e.xperimental  facts  are  of 
great  importance  m  a  consideration  of  what 
might  be  accomplished  by  the  seedmg  of 
unstable  clouds  by  artificial  means. 

Similar  studies  of  natural  ice  nuclei 
now  underway  m  this  coimtry  and  England 
substantiate  the  Mt.  Washmgton  studies. 
In  addition,  they  disclose  critical  tempera¬ 
tures  below  which  there  seems  to  be  a  sud¬ 
den  mcrease  in  nuclei.  In  New  Mexico, 
this  temperature  is  about  —  22°C;®  in  Eng¬ 
land,  it  is  reportedly*  at  about  —  32°C. 
This  mcrease  is  of  a  much  lower  magnitude 
than  the  critical  spontaneous  nucleation 
temp)erature  of  —  39°C,  but  it  may  go  from 
1  X  10®/M*  to  1  X  10*/M*  between 
-19°C  and  -23°C.  The  10,000-fold  in¬ 
crease  in  potential  ice  nuclei  over  a  tem¬ 
perature  range  of  4°C  is  quite  m  accord 
with  the  characteristic  activity  of  foreign 
particle  nuclei  which  has  been  studied  by 
the  writer.®-*  Many  natural  soils  from 
the  region  of  the  Great  Plams  and  the 
Northwest,  when  mtroduced  mto  a  cold 
chamber  as  a  fine  dust  cloud,  are  quite  use¬ 
less  as  ice  nuclei  at  —  13°C  but  100  percent 
active  at  —  22®C.  The  wide  range  in  activ¬ 
ity  which  has  been  found  between  various 
samples  of  such  foreign  particles  and  the 
randomness  in  the  manner  whereby  they 
become  airborne  particles  seems  to  provide 
a  logical  answer  to  the  variability  and  xm- 
predictability  in  occurrence  of  supercooled 
clouds. 

The  Synoptic  Situation.  The  general 
weather  situation  which  accompanies  the 
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formation  of  clouds  may  have  a  profound  A  very  important  pajjer  related  to  this 


effect  on  their  subsequent  development  and 
possible  precipitation.  The  presence  of  a 
strong  inversion  or  a  layer  of  dry  air  aloft 
limits  the  formation  of  thick  cumulus 
clouds.  The  lack  of  sufficient  moisture  or 
a  favorable  lapse  rate  also  imposes  restric¬ 
tive  limitations  on  the  development  of 
clouds.  Any  feature  of  the  synoptic  situa¬ 
tion  which  puts  a  restraint  on  the  conver¬ 
gence  of  moisture  laden  air  also  exerts  its 
effect  on  the  development  of  precipitation. 

When  areas  of  unstability  are  present  in 
warm,  moisture  laden  air  or  when  a  strong 
flow  of  such  air  encounters  heated  moun¬ 
tain  ridges  or  a  dense  mass  of  cold  air, 
conditions  are  potentially  suitable  for  the 
development  of  precipitation.  The  almost 
infinite  variation  in  the  synoptic  situation 
which  occurs  in  the  atmosphere  makes  it 
difficult,  however,  to  establish  any  simpli¬ 
fied  picture  of  such  situations.  Langmuir 
has  pointed  out®  that  the  formation  of 
storms  is  an  excellent  example  of  divergent 
phenomena — the  development  of  very  com¬ 
plicated  systems  from  simple  beginnings. 
It  follows  from  this  concept  that  the  diffi¬ 
culties  still  experienced  in  preparing  re¬ 
liable  forecasts  of  certain  types  of  storms, 
especially  those  which  suddenly  burst 
into  full  vigor  without  prior  warning,  are 
prime  examples  of  divergent  phenomena. 
In  some  cases,  even  with  much  additional 
physical  information  than  is  now  available, 
it  may  always  be  difficult,  if  not  impossible, 
to  predict  the  occurrence  of  such  storms 
with  any  degree  of  accuracy. 

Aside  from  these  complicated  and  diffi¬ 
cult  problems,  it  is  a  fact  that  there  are 
many  features  of  clouds  and  cloud  systems 
which  we  may  hope  to  understand  even¬ 
tually. 

The  Economic  Aspects  of  Cloud  Modifi¬ 
cation.  Due  to  the  complex  features  of  the 
atmospheric  processes  which  produce  sub¬ 
stantial  quantities  of  snow  and  rain  on  the 
ground,  it  is  my  considered  opinion  that 
it  is  too  early  to  reach  definite  conclusions 
as  to  what  can  or  cannot  be  done  with  re- 
sp>ect  to  squeezing  additional  amounts  of 
moisture  out  of  clouds. 


problem  was  recently  presented  in  Washing¬ 
ton  by  Braham,“  which,  on  the  basis  of  a 
study  of  some  53  thunderstorms  in  Florida 
and  Ohio,  showed  that  only  about  10  per 
cent  of  the  moisture  flowing  into  a  thunder¬ 
storm  system  reaches  the  ground  as  pre¬ 
cipitation.  This  precipitation  represented 
about  20  per  cent  of  the  condensed  cloud 
water. 

If,  by  careful  artificial  seeding  tech¬ 
niques,  a  method  could  be  devised  to  em¬ 
ploy  the  potential  energy  of  the  synoptic 
situation  to  increase  the  amount  of  pre¬ 
cipitation,  reduce  the  torrential  rain  and 
violent  winds,  and,  at  the  same  time, 
prevent  the  formation  of  hail  and  lightning, 
few  persons  would  dispute  the  economic 
value  of  such  an  operation.  While  it  is  too 
early  to  say  with  certainty  that  such  results 
can  be  achieved,  it  seems  very  possible 
that  such  operations  are  feasible,  if  in  fact 
they  have  not  already  been  obtained  in 
some  of  our  New  Mexico  experiments.*^ 

The  formation  of  extensive  earth-shadow¬ 
ing  clouds  by  the  development  of  “false” 
cirrus  is  another  aspect  of  experimental 
meteorology  which  demands  careful  study. 
Langmuir  has  described**  such  formations 
in  sub-tropical  regions  which  cover  thou¬ 
sands  of  square  miles.  The  writer  has 
made  observations  in  New  Mexico®  con¬ 
cerning  the  ground  temperature  with  and 
without  such  snow  streamers  and  found 
the  temperature  2  mm.  below  the  surface 
to  be  140°F  on  a  cloud-free  day  and  70°F 
when  thin  cirrus  streamers  drifted  from 
the  top  of  a  towering  cumulus  about  50 
miles  downwind.  In  this  particular  in¬ 
stance,  although  a  large  cloud  formed,  it 
not  only  reduced  the  possibility  of  the 
formation  of  orographic  cumulus  in  the 
shadowed  area  but  the  condensed  moisture 
in  the  cloud  formed  no  precipitation  either 
from  the  thin  cirrus  carried  downwind  or 
below  the  cloud  responsible  for  this  forma¬ 
tion. 

In  another  series  of  observations,  our 
“Project  Cirrus”  group*®  studied  cumulus 
and  stratus  clouds  both  off  the  coast  and 
over  the  mountain  ridges  of  Puerto  Rico. 
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We  found  measurable  amounts  of  persistent 
light  rain  to  come  from  stratus  clouds  300 
feet  thick  and  fairly  heavy  rain  to  fall  from 
relatively  small  and  warm  cumulus  clouds. 
These  cloud  systems  seemed  to  be  very 
efficient  producers  of  precipitation. 

I  It  will  be  very  difficult  to  establish  with 
certainty  the  value  of  a  cloud-seeding 
operation  in  the  Northeast,  such  as  is 
underway  in  the  local  New  York  City 
watershed.  In  general,  it  seems  that  when¬ 
ever  substantial  cloud  systems  develop  in 
this  region  rain  occurs.  Whether  the 
clouds  are  efficient  precipitators  like  those 
of  Puerto  Rico  or  have  properties  like  the 
Florida  and  Ohio  thunderstorms,  which 
seem  to  deliver  only  10  to  20  per  cent  of 
their  condensed  water  as  precipitation,  it  is 
important  at  this  stage  to  evaluate  these 
potentialities.  Such  factors  as  the  source 
of  the  moisture,  the  concentration  and 
nature  of  the  condensation  and  sublimation 
nuclei,  the  effect  of  the  mountainous  terrain 
in  the  reservoir  area,  and  the  contact 
between  different  types  of  air  masses — 
these  are  factors  which  are  important  and 
measurable  with  respect  to  the  local  situa¬ 
tion. 

There  is  a  chance  that  proper  seeding 
I  techniques  applied  at  the  optimum  time 
can  add  an  appreciable  amount  of  water  to 
the  reservoirs.  As  in  any  pioneering  ven¬ 
ture,  chances  must  be  taken.  If  taking 
such  chances  does  not  involve  prohibitive 
costs  and  if  the  experiments  are  planned  in 
such  a  manner  that  a  scientific  evaluation 
is  possible  after  a  reasonable  time  period 
I  has  elapsed,  then  the  money  and  effort 
I  are  not  wasted.  If  seeding  operations 

I  over  the  New  York  watersheds  can  be 
shown  to  have  no  apparent  economic  value, 
even  this  information  is  valuable  to  have. 

I  We  do  not  yet  know  which  factor  or 
■  combination  of  factors  are  of  primary  im- 
I  portance  in  the  development  of  precipita¬ 
tion.  Much  progress  has  been  made  in 
this  field  during  the  last  few  years  and  new 
developments  are  taking  place  rapidly. 
As  experience  is  gained  in  the  Northeast, 
the  Rockies,  the  semi-arid  regions  of  the 
Southwest,  in  California,  Australia,  Switzer¬ 


land,  France,  Canada,  Cuba,  South  Africa, 
and  the  many  other  parts  of  the  world 
where  techniques  in  experimental  meteorol¬ 
ogy  are  being  developed,  the  possibilities 
and  limitations  of  this  new  science  will 
gradually  become  delineated. 

Those  responsible  for  the  establishment 
of  a  working  experiment  in  the  New  York 
region  are  to  be  congratulated  on  their 
persistence  in  carrying  out  their  plans 
despite  various  types  of  obstacles.  The 
over-all  value  of  this  activity,  quite  regard¬ 
less  of  its  outcome,  will  be  far  and  above 
the  value  of  the  water  that  might  be  added 
to  the  pipes  flowing  into  New  York  City. 
It  is  my  personal  feeling  that  the  type  of 
experiment  under  study  by  New  York  City 
is  one  of  the  most  difficult  in  experimental 
meteorology.  By  contrast,  the  prevention 
of  local  hail  storms,  lightning,  and  torren¬ 
tial  rains  should  be  easy.  Such  things  are 
relative,  however,  and  although  we  can 
now  suggest  some  of  the  possibilities  and 
limitations  in  this  field  of  endeavor,  there 
remain  many  problems  in  transposing 
ideas  and  theories  to  practical  applications. 

As  in  the  development  of  any  idea  based 
on  an  assemblage  of  scientific  facts,  progress 
is  sometimes  slow  and  discouraging;  at 
other  times,  it  is  rapid  and  breath-taking. 
Experimental  meteorology  seems  destined 
to  enjoy  both  types  of  progress.  Wild 
speculation  is  particularly  easy  with  a 
subject  so  close  to  all  of  us  as  the  weather. 

With  the  establishment  of  a  stable  scien¬ 
tific  structure  as  its  basis,  the  true  facts 
will  emerge  at  a  speed  consistent  with  the 
industry,  imagination,  enthusiasm,  and 
integrity  of  the  individuals  and  organ¬ 
izations  concerned  with  its  development. 
I  see  no  reason  at  the  present  time  why 
it  should  not  become  one  of  the  important 
developments  in  meteorology  in  the  years 
ahead. 
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THE  IMPORTANCE  OF  ARTIFICIAL 
NUCLEATION  FOR  THE  PRODUC¬ 
TION  OF  PRECIPITATION* 

By  WILLIAM  LEWISf 

One  of  the  most  important  questions  in¬ 
volved  in  current  discussions  of  the  effects 
of  cloud  seeding  is  the  problem  of  the  re¬ 
liability  of  natural  ice-forming  processes 
in  the  atmosphere.  Since  the  proponents 
of  artificial  rainmaking  are  willing  to  con¬ 
cede  that  the  meteorological  conditions 
must  be  “suitable,”  we  must  consider 
carefully  just  what  conditions  are  indeed 
suitable  for  the  formation  of  appreciable 
precipitation  and  whether  natural  processes 
can  be  relied  upon  for  the  release  of  moist- 

•  On  May  23,  1950,  the  Section  of  Oceanography  and  Mete¬ 
orology  held  a  symjMsium,  presided  over  by  A.  F.  Merewetber 
of  Pan-American  Airlines,  on  “Induced  Precipitation.”  This 
paper  was  the  third  of  four  presented  at  the  symposium, 
t  tJ.  S.  Weather  Bureau,  New  York,  N.  Y. 


ure  under  these  conditions.  The  basic 
question  is  this:  how  frequently  does  it 
happen  that  the  occurrence  of  precipitation 
is  prevented  by  an  absence  of  ice-forming 
nuclei  when  conditions  are  otherwise  favor¬ 
able  for  the  occurrence  of  rain? 

My  own  opinion  on  this  question  is  that 
the  basic  cause  of  precipitation  is  the  lifting 
of  moist  air,  and  that  when  suitable  condi¬ 
tions  of  lifting  occur,  the  necessary  ice 
crystals  are  formed  by  natural  processes. 
Any  exceptional  cases  in  w’hich  the  occur¬ 
rence  of  precipitation  may  be  prevented  by 
a  lack  of  ice-forming  nuclei  are  so  rare  or 
the  amounts  of  moisture  involved  are  so 
small  that  their  importance  is  trivial. 

First  let  us  consider  the  type  and  com¬ 
position  of  clouds  in  those  situations  in 
which  suflhcient  lifting  occurs  for  the  for¬ 
mation  of  appreciable  rain.  The  formation 
of  light  to  moderate  precipitation  from 
stratiform  clouds  requires  sufficient  horizon¬ 
tal-velocity  convergence  in  the  lower  layers 
over  a  considerable  area  to  produce  aver¬ 
age  vertical  velocities  of  the  order  of  1,000 
feet  per  hour,  affecting  a  layer  of  the  order 
of  10,000  feet  or  more  in  vertical  extent. 
This  process  causes  the  formation  of  very 
deep,  continuous  clouds  of  the  type  known 
as  “nimbostratus”  or  “altos tratus.”  If 
a  lack  of  nuclei  were  an  important  factor 
in  preventing  rain  in  cases  of  this  kind, 
one  would  expect  to  find  supercooled  liquid 
clouds  of  from  5,000  to  10,000  feet  or  more 
in  vertical  extent.  Observations  show, 
however,  that  in  all  cases  investigated 
cloud  systems  of  this  type  are  composed 
mainly  of  ice  crystals  in  the  portions  above 
the  freezing  level.  Investigations  of  the 
extent  and  liquid-water  content  of  super¬ 
cooled  clouds  of  various  types  have  shown 
that  supercooled  cloud  layers  seldom,  if 
ever,  exceed  3000  feet  in  vertical  extent. 

The  other  principal  type  of  rain-produc¬ 
ing  cloud  is  the  “convective”  or  “cumulo¬ 
nimbus”  type.  Clouds  of  this  type  consist 
of  local  updrafts,  usually  rising  to  consid¬ 
erable  heights  and  characterized  by 
relatively  high  vertical  velocities.  Three 
types  of  convective  clouds  are  generally 
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recognized:  (1)  cumulus  humilis,  clouds 
having  relatively  slight  vertical  develop¬ 
ment;  (2)  cumulus  congestus,  clouds  with 
I  greater  vertical  development  but  without 
!  spreading  or  softening  of  the  tops;  and 
(3)  cumulonimbus,  clouds  with  great  ver¬ 
tical  development,  characterized  by  spread¬ 
ing  or  softening  of  the  tops  and  precipita¬ 
tion  or  virga  from  the  bases.  It  is  generally 
agreed  that  a  cumulus  congestus  cloud 
becomes  cumulonimbus  when  ice  crystals 
are  formed  within  it. 

The  amount  of  rain  that  may  fall  from  a 
cumulonimbus  cloud  depends  on  the 
amount  and  moisture  content  of  the  air 
included  in  the  updraft,  the  amount  of  mix¬ 
ing  with  the  environment,  and  the  vertical 
I  extent  of  the  updraft.  The  first  factor  men¬ 
tioned,  the  amount  of  air  carried  upward 
in  the  rising  column,  is  of  greatest  impor¬ 
tance.  In  cases  where  the  warm  moist 
layer  near  the  surface  is  unusually  thick  or 
when  its  thickness  tends  to  increase  due  to 
horizontal  convergence,  the  ample  supply 
of  moist  air  produces  updrafts  which  are 
likely  to  continue  for  a  considerable  time, 
finally  reaching  a  stable  layer  and  spread¬ 
ing  out  at  the  top.  If,  on  the  other  hand, 
the  warm  moist  layer  is  shallow,  cloud  de¬ 
velopment  is  often  arrested  due  to  local 
exhaustion  of  the  moisture  supply,  and  the 
clouds  subside  and  dissipate  by  mixing  with 
the  surrounding  air.  Since  the  amount  of 
rain  that  may  be  produced  depends  upon 
the  amount  of  air  that  is  lifted,  most  of  the 
precipitation  from  cumulus-type  clouds 
should  be  expected  from  those  in  which  the 
updraft  continues  for  a  considerable  time. 

Careful  observations  of  the  development 
of  cumulus  and  cumulonimbus  clouds  and 
a  study  of  lapse-time  motion  pictures  indi¬ 
cate  that  the  lifetime  of  a  single  cumulus 
congestus  tower  is  usually  only  about  10 
to  20  minutes.  These  clouds  nearly  always 

I  either  subside  and  dissipate  or  become  cu¬ 
mulonimbus  by  the  formation  of  ice  crystals 
within  that  time.  It  is  significant  that, 
when  a  cumulus  cloud  does  not  subside  but 
continues  to  rise  after  it  has  been  visible 
for  about  ten  minutes,  it  almost  invariably 
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starts  to  bulge  at  the  top  and  shows  evi¬ 
dence  of  ice  crystals  within  the  next  four 
or  five  minutes.  These  remarks  are  based 
on  my  own  observations  of  cumulus  cloud 
development  in  California,  New  Mexico, 
New  York,  and  Virginia,  and  on  a  study  of 
photographs  and  lapse-time  motion  pic¬ 
tures  made  by  “Project  Cirrus.” 

These  observations  have  led  me  to  pro¬ 
pose  the  h3TX)thesis  that  the  natural 
process  of  ice  formation  in  clouds  usually 
requires  that  the  cloud-mass  involved  must 
exist  at  a  fairly  low  temperature  for  a- 
certain  time  interval,  which  is  probably  a 
function  of  the  temperature  (for  example, 
about  ten  minutes  at  —  15°C  and  longer 
periods  at  higher  temperatures).  On  the 
basis  of  this  hypothesis,  the  principal  fac¬ 
tor  which  determines  whether  a  particular 
cumulus  congestus  cloud  will  become  cumu¬ 
lonimbus  is  the  duration  of  the  updraft.  If 
the  supply  of  warm  moist  air  gives  out 
after  about  10  minutes  or  less,  the  cloud 
will  dissipate  rapidly  by  mixing  with  the 
environment  without  the  formation  of  ice 
crystals,  while,  if  the  updraft  is  sustained 
for  20  minutes  or  longer  and  reaches  tem¬ 
peratures  below  about  —  10°C,  the  trans¬ 
formation  to  cumulonimbus  is  almost  cer¬ 
tain  to  occur. 

It  should  be  noted  that  it  is  just  these 
clouds,  consisting  of  sustained  updrafts 
involving  large  amounts  of  moist  air,  that 
can  be  expected  to  produce  appreciable 
amounts  of  precipitation.  Updrafts  which 
last  for  a  few  minutes  only  do  not  ordinar¬ 
ily  contain  sufficient  moisture  to  produce 
more  than  traces  of  rain  or  very  light 
showers. 

Let  us  consider  what  would  happen  if, 
due  to  an  absence  of  ice-forming  nuclei,  a 
sustained  and  vigorous  updraft  should  fail 
to  change  to  ice  crystals.  Since  the  cloud 
could  not  continue  indefinitely  upward, 
it  would  spread  out  at  the  top,  forming  a 
sort  of  anvil,  which,  however,  would  be  alto¬ 
cumulus  in  form  rather  than  cirroform. 
Altocumulus  clouds  of  this  type,  formed  by 
the  spreading  of  cumulus  cloud  tops,  are 
sometimes  observed  but  usually  only  when 
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the  stable  layer  which  limits  the  updraft 
occurs  at  a  temperature  above  freezing  or 
at  least  above  —  10°C.  I  have  never  p)er- 
sonally  seen  a  spreading  top  on  a  tall 
cumulus  cloud  which  was  not  fibrous  in 
structure,  showing  the  presence  of  ice 
crystals. 

This  hypothesis  concerning  the  time 
factor  involved  in  the  formation  of  ice 
crystals  is  also  consistent  with  observed 
facts  concerning  the  composition  of  layer- 
type  clouds  of  various  kinds.  The  most 
common  type  of  supercooled  layer  cloud 
is  the  stratocumulus  or  altocumulus  which 
is  formed  in  the  upper  portion  of  a  turbulent 
layer  of  air.  The  thickness  of  this  layer 
of  turbulent  mixing  is  usually  substantially 
greater  than  the  thickness  of  the  cloud, 
since  condensation  only  occurs  in  the 
upper,  cooler  portions  of  the  layer.  The 
individual  parcels  of  fog  which  make  up  the 
cloud  are  therefore  being  continuously 
formed  by  condensation  in  the  rising  cur¬ 
rents  and  dissipating  by  evaporation  in  the 
descending  currents.  Thus,  the  life  of  an 
individual  parcel  of  condensed  fog  is  only 
a  few  minutes,  although  the  cloud  layer  as 
a  whole  may  last  for  several  hours.  The 
reality  of  this  process  of  continuous  forma¬ 
tion  and  dissipation  is  clearly  shown  in 
lapse-time  motion  pictures  of  broken  stra¬ 
tocumulus  clouds.  According  to  my  hy¬ 
pothesis,  the  reason  ice  crystals  are  not  usu¬ 
ally  found  in  clouds  of  this  kind  is  that  the 
life  of  the  individual  fog  parcels  is  less  than 
the  time  required  for  the  formation  of  ice 
crystals. 

This  turbulent  mixing  process  gives  rise 
to  layers  of  limited  thickness,  usually  not 
exceeding  3000  feet.  Very  thick  cloud 
layers,  on  the  other  hand,  are  generally 
produced  by  the  lifting  of  large  masses  of 
air  by  convergence,  as  was  mentioned 
earlier.  In  clouds  of  this  type,  the  indi¬ 
vidual  parcels  remain  in  a  saturated  state 
for  long  periods,  allowing  ample  time  for 
natural  ice-crystal  formation. 

To  sum  up  the  argument  thus  far,  it  has 
been  shown  that  the  types  of  cloud  which 


can  produce  appreciable  amounts  of  pre¬ 
cipitation  (that  is,  those  formed  by  the 
gradual  lifting  of  extensive  air  masses  and 
those  formed  by  sustained  local  updrafts 
involving  large  amounts  of  air)  are  just 
the  tjqjes  in  which  the  natural  formation 
of  ice  crystals  is  observed  to  occur  with 
great  regularity.  These  are  facts  of  ob¬ 
servation.  In  addition,  a  hypothesis  has 
been  proposed  which  is  consistent  with  these 
observations  and  also  with  the  fact  that 
ordinary  stratocumulus  and  altocumulus 
layers  and  short-lived  cumulus  congestus 
clouds  are  generally  composed  of  super¬ 
cooled  drops. 

Since  some  types  of  clouds  are  frequently 
observed  to  be  supercooled,  let  us  consider 
how  much  precipitation  could  be  obtained 
by  converting  them  to  ice.  Calculations 
based  on  the  values  of  liquid-water  concen¬ 
tration  measured  by  the  National  Advisory 
Committee  for  Aeronautics  show  that  a 
typical  supercooled  stratocumulus  layer 
would  yield  almost  enough  precipitation  to 
reach  the  ground,  while  one  cloud  in  100 
would  produce  as  much  as  .01  inch.  Simi¬ 
lar  calculations  for  cumulus  clouds  show 
that  as  much  as  .01  or  .02  inch  could  be 
expected  frequently  and,  in  extreme  cases, 
as  much  as  .10  inch  might  possibly  be  ob¬ 
tained.  It  is  extremely  doubtful  that  a 
cloud  capable  of  producing  more  than  .10 
inch  would  fail  to  precipitate  naturally. 

So  far  I  have  not  discussed  the  mechan¬ 
ism  of  ice  crystal  formation  in  clouds: 
what  kind  of  nuclei  are  required,  or  whether 
these  act  as  sublimation  nuclei,  as  freezing 
nuclei,  or  as  “motes”  which  promote  the 
freezing  of  cloud  drops.  A  considerable 
amount  of  information  concerning  the 
formation  of  ice  crystals  in  the  laboratory 
under  certain  conditions  is  now  available 
as  a  result  of  work  done  by  several  investi¬ 
gators.  I  will  not  discuss  these  experiments 
in  detail,  but  would  like  to  point  out  that 
the  conditions  occurring  in  the  clouds  have 
not  been  reproduced  in  the  laboratory. 
It  is  not  possible,  therefore,  on  the  basis  of 
laboratory  experiments,  to  conclude  that 
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natural  air  does  not  contain  whatever  par¬ 
ticles  may  be  necessary  to  promote  the 
formation  of  ice  crystals  in  a  cloud  that 
has  aged  for,  let  us  say,  IS  minutes  at 
—  10°C.  Observations  of  ice  crystal  for¬ 
mation  in  a  cold  box  on  Mt.  Washington 
indicate  that  the  concentration  of  ice 
crystals  formed  under  the  conditions  of  the 
experiment  is  sometimes  very  small,  but 
this  does  not  prove  that  natural  ice  crystals 
would  not  form  in  the  same  air  under  the 
conditions  prevailing  in  natural  clouds. 
In  my  opinion,  observations  of  the  com¬ 
position  of  natural  clouds  furnish  much 
more  convincing  evidence  on  this  point. 
The  fact  that  many  cases  of  extensive 
cloud  systems  more  than  four  or  five 
thousand  feet  thick  and  with  temperatures 
below  freezing  were  observed  to  be  com¬ 
posed  mainly  of  ice  crystals,  without  ex¬ 
ception,  is  very  significant  evidence  of  the 
dependability  of  natural  ice-forming  proc- 

I  esses. 

Let  us  consider  for  a  moment  the  results 
of  actual  field  tests  of  cloud  seeding.  In 
the  case  of  layer-type  clouds,  the  fact  of 

I  the  possibility  of  cloud  modification  has 
been  very  convincingly  demonstrated. 
Equally  convincing  is  the  failure  of  all 
seeding  experiments  on  layer  clouds  to 
produce  more  than  trivial  amounts  of  pre¬ 
cipitation. 

In  the  case  of  cumulus  clouds,  the  evalua¬ 
tion  of  the  results  of  seeding  experiments 
presents  a  very  difficult  problem,  due  to  the 
impossibility  of  determining,  in  any  par¬ 
ticular  case,  what  the  natural  course  of  the 
weather  would  have  been  if  the  experiment 
had  not  been  performed.  The  only  way 
that  the  effects  of  seeding  cumulus  clouds 
can  be  honestly  evaluated  is  to  make  as 
I  many  experiments  as  possible  and  study 
j  the  effects  in  all  cases,  observing  at  the 
I  same  time  the  behavior  of  unseeded  clouds 

I  nearby.  The  Weather  Bureau,  in  coopera¬ 
tion  with  the  Air  Forces,  has  conducted 
two  different  series  of  tests  on  cumulus 
clouds.  The  reports  of  these  tests  include 
tables  showing,  for  each  seeding  operation. 


the  condition  of  the  cloud  at  the  time  of 
seeding,  its  subsequent  development,  and 
the  amount  of  precipitation.  The  general 
result  of  these  tests  is  to  show  that  the 
most  frequent  occurrence  following  seed¬ 
ing  is  partial  dissipation  of  the  seeded  cloud 
and  that,  occasionally,  small  amounts  of 
precipitation  occurred,  but  only  when  nat¬ 
ural  precipitation  was  occurring  nearby. 

Experiments  conducted  in  Canada  gave 
somewhat  more  favorable  results.  Of  a 
total  of  33  trials  with  supercooled  cumulus 
clouds,  36  per  cent  gave  no  precipitation, 
27  per  cent  gave  only  virga,  and  36  per  cent 
were  followed  by  precipitation  reaching 
the  ground.  In  8  out  of  12  of  the  cases  of 
rain  reaching  the  ground,  natural  rain  was 
also  occurring  within  25  miles.  The  other 
four  cases  were  all  of  the  “selective”  type, 
that  is,  an  effort  was  made  to  choose  the 
most  favorable  cloud  in  the  area.  Under 
these  conditions,  there  is  a  good  reason  to 
suspect  that  these  showers  would  have 
occurred  without  seeding. 

In  summary,  my  point  of  view  is  that, 
although  cloud  modification  by  nucleation 
has  been  demonstrated,  significant  changes 
in  the  amount  and  distribution  of  precipi¬ 
tation  can  not  be  accomplished  by  cloud 
seeding,  since  the  distribution  of  precipi¬ 
tation  is  determined  primarily  by  air  cir¬ 
culation  rather  than  by  nuclei.  Whenever 
circulation  patterns  exist  which  involve 
sufficient  lifting  for  the  production  of  appre¬ 
ciable  amounts  of  precipitation,  the  natural 
processes  of  ice-crystal  formation  are  effec¬ 
tive  in  releasing  the  available  moisture. 

The  possibility  remains,  however,  that 
the  character  of  precipitation  might  in  some 
cases  be  modified  by  seeding,  and  I  believe 
that,  if  successful  practical  applications  of 
cloud  seeding  are  to  be  found,  they  are 
likely  to  lie  in  the  field  of  hail-preventicm 
rather  than  rain-production.  Any  esti¬ 
mate  at  this  time  of  the  probability  of 
success  would  be  only  a  guess,  but  it  ap¬ 
pears  to  me  that  experiments  along  this 
line  would  be  worthwhile. 
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LARGE  SCALE  CONTROL  OF 
WEATHER  BY  INTRODUCTION  OF 
SUBLIMATION  NUCLEI  INTO  THE 
ATMOSPHERE* 

By  WILLARD  J.  PIERSON,  jR.f 
During  the  past  few  years,  a  great  many 
statements  have  been  made  concerning 
the  possibility  of  producing  rainfall  and 
controlling  the  weather  by  the  introduction 
of  sublimation  nuclei  into  the  atmosphere. 
In  fact,  some  claims  of  success  have  ap- 
p)eared  in  the  press.  It  is  the  purpose  of 
this  paper  to  point  out  that  some  of  the 
statements  which  have  been  made  are  not 
founded  in  fact,  that  the  techniques  which 
have  been  employed  are  inadequate,  and 
that,  in  most  of  the  studies  which  have 
been  conducted,  there  has  been  an  overall 
disregard  of  the  scientific  facts  upon  which 
the  theory  of  meteorology  is  based. 

In  the  preceding  paper,  Mr.  Lewis  has 
given  some  reasons  for  his  belief  that  the 
theory  upon  which  the  possible  control  of 
the  weather  is  based  is  not  well  founded. 
His  contention  that  there  is  always  a 
sufficient  number  of  nuclei  present  in  the 
atmosphere  to  produce  all  of  the  rainfall 
that  would  naturally  occur  seems  to  be  well 
supported.  There  is  a  danger  that  too 
many  nuclei  will  be  released  into  the  at¬ 
mosphere.  Too  many  nuclei  prohibit  the 
production  of  rainfall  by  causing  the  for¬ 
mation  of  a  great  many  small  ice  crystals 
which  are  too  small  to  fall  and  grow  into 
large  rain  drops  when  melted.  Dr.  Schae¬ 
fer  has  done  a  fine  job  in  measuring  the 
sublimation  nuclei  count  at  Mount  Wash¬ 
ington.  However,  many  more  observa¬ 
tions,  tabulated  according  to  air  mass, 
elevation,  air  trajectory,  and  cloud  type, 
are  needed  before  it  will  be  possible  to 
prove  that  situations  exist  in  which  arti¬ 
ficial  nucleation  is  advisable. 

One  of  the  claims  of  success  which  has 
been  made  will  now  be  discussed.  In  a 

*  On  May  23,  1950,  the  Section  of  Oceanography  and  Mete¬ 
orology  held  a  sympouum,  presided  over  by  A.  F.  Merewether 
of  Pan-American  Airlines,  on  “Induced  Precipitation.”  This 
paper  was  the  fourth  of  four  presented  at  the  symposium. 

t  Department  of  Meteorolo^,  New  York  University  Col¬ 
lege  of  Engineering,  University  Heights,  New  York,  N.Y. 


recent  article  in  “Life,”  dated  February  20, 
1950,  the  claim  was  made  that  a  cloud  about 
twenty-five  miles  away  from  a  silver  iodide 
nuclei  generator  was  seeded  by  the  silver 
iodide  and  developed  into  a  full  scale 
thunderstorm.  In  addition,  it  was  also 
claimed  that  the  silver  iodide  spread 
throughout  a  large  part  of  the  state  of  New 
Mexico  and  “brought  down  394  billion 
gallons  of  water”  and  “that  dry  creek 
beds  changed  into  raging  rivers.” 

Consider  first  the  cloud  about  twenty- 
five  miles  aw’ay.  The  following  facts  can 
be  found  in  the  magazine  article  and  in 
another  paper  published  on  the  experiment.* 
Seeding  was  started  at  about  5:30  A.M. 
The  cloud  base  which  developed  was  at 
about  12,000  feet  M.S.L.  when  it  formed  at  j 
about  8:30  A.M.  The  cloud  grew  at  the 
top  at  the  rate  of  160  feet  per  minute  and 
reached  26,000  feet  and  a  temperature  of 
—  23°  centigrade  at  9:57  A.M.  Then  the 
cloud  shot  up  at  a  rate  of  1200  feet  per 
minute  until  it  reached  44,000  feet  and  a 
temperature  of  —65°  centigrade  at  10:12. 
Rain  started  from  the  cloud  at  10:06. 

Now,  the  silver  iodide  was  released  at 
the  ground  twenty-five  miles  away.  To 
be  effective,  it  must  have  risen  in  the  cloud 
until  it  reached  a  tempierature  of  —5° 
centigrade  at  a  height  of  19,000  feet  M.S.L. 
Albuquerque  is  at  an  elevation  of  approxi¬ 
mately  5,000  feet  M.S.L.,  so  the  silver  io¬ 
dide  must  have  ascended  7,000  feet  to  reach 
the  base  of  the  cloud  and  about  7,000  feet 
more  to  reach  the  temperature  at  which  it 
becomes  effective. 

The  environment  of  a  building  cumulus 
cloud  is  generally  sinking,  so  the  silver 
iodide  must  have  traveled  along  the  sur¬ 
face.  The  surface  winds  were  ten  miles 
per  hour  toward  the  cloud  and,  if  the  silver 
iodide  actually  reached  the  area  below  the 
cloud  (which  it  may  not  have  done),  it 
would  require  two  and  one-half  hours  to 
travel  the  distance.  The  silv'er  iodide 
might  then  have  been  under  the  cloud  at 
8:00  A.M.  To  ascend  7,000  feet  to  the 
base  of  the  cloud  in  two  hours  would  re¬ 
quire  an  average  vertical  velocity  of  58 
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feet  per  minute  or  29  centimeters  per  sec- 
i  ond. 

The  vertical  velocity  beneath  a  cumulus 
cloud  in  the  building  state  is  very  small  at 
the  surface  and  increases  with  elevation. 
Byers  and  Braham®  have  measured  these 

I'  velocities  in  typical  building  cumuli,  and 
they  found  a  vertical  velocity  of  about  120 
feet  per  minute  at  7,000  feet.  From  the 
I  surface  to  7,000  feet,  however,  the  ver¬ 
tical  velocity  is  certainly  less  than  this 
I  value.  If  the  vertical  velocity  were  to 
5  increase  linearly  from  the  surface  to  7,000 
I  feet  and  if  it  had  a  value  of  120  feet  per 
I  minute  at  7,000  feet,  the  silver  iodide  would 
S  just  barely  reach  the  base  of  the  cloud  at 
i  10:00  A.M.  The  silver  iodide  must  still 

I  ascend  7,000  feet  more  before  reaching  a 
temperature  of  —5°  centigrade.  Byers 
and  Braham*  have  shown  that  the  vertical 
velocities  increase  with  height  within  a 
building  cumulus.  The  top  of  the  cloud 
.  was  rising  at  the  rate  of  160  feet  per  minute 
during  this  stage  of  the  development,  and, 
if  it  is  assumed  that  this  value  of  the  ver¬ 
tical  velocity  existed  from  the  base  of  the 
cloud  to  the  level  at  which  the  temperature 
was  —  5°C,  forty  more  minutes  would  still 
be  required  for  the  silver  iodide  to  reach  a 
I  level  where  it  could  become  effective. 
Turbulent  upward  diffusion  in  the  lower 
levels  has  been  neglected  and  may  modify 
the  results  slightly.  Also,  the  silver  iodide 
was  permitted  to  rise  for  one-half  hour  be¬ 
fore  the  cloud  actually  formed.  These 
calculations  indicate,  however,  that  the 
cloud  should  not  have  been  triggered' into 
a  thunderstorm  until  10:40  by  the  silver 
iodide.  Therefore,  a  doubt  arises  as  to  the 
I  claim  that  the  silver  iodide  actually  trig¬ 
gered  the  storm. 

I  The  cloud  had  reached  the  level  of  26,000 
I  feet  and  a  temperature  of  —23°  centigrade 
'  when  it  suddenly  spurted  upward  and  de- 
I  veloped  into  a  thunderstorm.  At  such 

I  temperatures,  almost  any  natural  sublima¬ 
tion  nuclei  could  have  triggered  the  cloud. 
Before  it  can  be  proved  that  silver  iodide 
!  released  from  the  ground  actually  caused  a 
j  thunderstorm,  the  path  followed  by  the 


silver  iodide  must  be  accurately  traced  and 
it  must  be  proved  that  the  silver  iodide  had 
reached  a  point  in  the  atmosphere  where  the 
properties  of  the  silver  iodide  became  effec¬ 
tive. 

As  for  the  394  billion  gallons  and  the  dry 
creek  beds  changed  into  raging  rivers,  a 
cold  front  which  could  be  located  to  the 
north  of  Albuquerque  two  or  three  days 
before  the  seeding  experiment  took  place 
moved  steadily  through  New  Mexico  and 
passed  Albuquerque  at  the  time  the  thun¬ 
derstorm  started.  All  of  the  rainfall  can 
be  explained  by  the  activity  of  the  cold 
front.  Finally,  a  typical  occurrence  in  New 
Mexico  is  a  so-called  “flash  flood,”  and  the 
dry  creek  beds  are  there  because  the  flash 
floods  have  produced  them. 

The  rainmaking  attempts  at  the  New 
York  watershed  will  now  be  considered. 
Dr.  Howell  should  be  highly  complimented 
for  his  conservative  evaluation  of  the  re¬ 
sults  of  his  experiments.  A  rigorous  statis¬ 
tical  study  must  be  made  after  the  experi¬ 
ments  have  been  completed  in  order  to 
discover  if  the  hoped  for  5  per  cent  increase 
over  what  would  have  been  the  natural 
rainfall  without  seeding  is  real  or  illusory. 

For  one  seeding  experiment  which  has 
been  conducted,  however,  it  will  be  shown 
that  the  silver  iodide  could  not  possibly 
have  produced  any  rainfall.  The  experi¬ 
ment  took  place  on  April  25  and  April  26th. 
Silver  iodide  was  released  at  the  surface  at 
Stroudsburg.  Representative  atmospheric 
soundings  at  Albany  show  that  there  was 
a  6°C  temperature  inversion  over  New  York 
State  during  the  time  that  the  silver  iodide 
was  being  released.  The  air  into  which  the 
silver  iodide  was  released  was  therefore 
capped  by  an  inversion,  and  the  lapse  rates 
were  such  that  it  would  be  impossible  for 
the  silver  iodide  to  penetrate  to  the  freezing 
level  where  it  becomes  effective.  In  fact, 
the  silver  iodide  could  not  possibly  have 
risen  above  four  thousand  feet,  which  was 
the  height  of  the  base  of  the  inversion. 

Meteorology  is  a  science  which  demands 
careful  consideration  of  many  complex  fac¬ 
tors.  Suppose,  for  example,  that  one 
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wanted  to  increase  the  rainfall  at  New  York 
City  from  a  warm  front  situation.  It  would 
be  futile  to  release  silver  iodide  in  New  York 
State  during  warm  front  rainfall,  because 
the  silver  iodide  could  not  rise  through  the 
cold  stable  underlying  air  to  the  freezing 
level  above  in  the  more  moist  and  poten¬ 
tially  warmer  air. 

Consider  a  warm  front  in  which  the 
frontal  surface  slopes  upward  toward  the 
north  and  rises  one  mile  over  a  horizontal 
distance  of  100  miles.  For  simplicity,  let 
us  assume  that  the  winds  in  the  warm  air 
are  tangent  to  the  sloping  frontal  surface 
and  that  they  have  a  velocity  of  40  miles 
per  hour.  Let  the  freezing  level  be  at 
10,000  feet,  or  approximately  2  miles.  If 
the  silver  iodide  is  released  at  the  surface, 
it  must  be  released  at  a  point  200  miles 
south  of  the  desired  location  of  the  rainfall. 
It  would  reach  the  area  where  the  rainfall 
was  desired  about  5  hours  after  its  release 
at  the  surface. 

Actual  weather  situations  are  more  com¬ 
plex  than  the  simple  model  just  described. 
The  silver  iodide  would  probably  have  to 
be  released  at  the  surface  in  Arkansas  or 


Missouri  before  it  could  affect  New  York 
State  during  a  warm  front  regime.  Dr. 
Helmut  Weickmann,  in  a  recent  seminar  at 
New  York  University,  showed  by  some 
theoretical  calculations  that  doubling  the 
number  of  available  nuclei  during  a  warm 
front  rain  might  possibly  increase  the  rain¬ 
fall  by  5  per  cent  during  light  rains,  but  too 
many  nuclei  might  actually  cause  less  rain. 

In  view  of  the  points  which  have  just 
been  considered,  it  can  be  concluded  that 
the  k  .ge  scale  control  of  the  weather  is 
still  only  a  distant  future  possibility,  that 
the  global  nature  of  the  weather  has  been 
completely  neglected  in  most  of  the  work 
which  has  been  done,  and  that  in  no  case 
has  it  been  definitely  proved  that  econom¬ 
ically  significant  amounts  of  rainfall  have 
been  produced. 
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DIVISION  OF  MYCOLOGY 


THE  OCCURRENCE  AND  INDUC¬ 
TION  OF  MUTATIONS  IN  THE  FUNGI* 

By  EDWARD  J.  BACKUSf 

The  occurrence  of  mutations  in  micro¬ 
organisms  has  been  recognized  for  a  great 
many  years.  Those  who  have  handled 
filamentous  fungi  are  familiar  with  the 
sectoring  phenomenon  so  frequently  dis¬ 
played  when  single  cell  colonies  are  grown 
on  an  agar  plate.  Although  there  was  once 
reluctance  on  the  part  of  some  investigators 
to  consider  these  variants  to  be  true  mu¬ 
tants,  it  is  now  well  established  that  sectors 
arise  when  mutations  occur  in  one  of  the 
cells  of  the  developing  colony.  As  such  a 

*  This  paper,  illustrated  with  lantern  slides,  was  presented 
at  the  meeting  of  the  Section,  26,  1950. 

t  Lederle  I^horatories,  Pearl  River,  New  York. 


mutated  cell  proliferates  into  a  mass  of 
“abnormal”  cells,  the  typical  wedge-shaped 
sector  becomes  apparent.  While  gross 
morphological  mutation  has  been  demon¬ 
strated  in  practically  all  classes  of  the  fungi, 
the  frequency  with  which  it  occurs  varies 
substantially  among  the  different  genera 
and  species  comprising  these  groups. 
Equally  common  in  occurrence  are  the 
mutant  forms  which,  while  resembling  the 
parent  type  both  structurally  and  cultur¬ 
ally,  show  major  differences  in  biochemical 
and  physiological  behavior. 

The  problems  created  by  this  natural 
tendency  for  fungi  to  mutate  fall  heavily 
upon  those  concerned  with  taxonomic  con¬ 
siderations,  especially  in  the  large,  diverse 
groups  such  as  the  Fusaria,  Penicillia,  Asper- 
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gilli,  or  the  Actinomycetes.  The  separa¬ 
tion  of  species,  or  even  genera,  in  the  Actino¬ 
mycetes,  is  often  based  upon  differences  so 
small  that  they  may  be  bridged  by  the  de¬ 
viations  occasioned  by  mutation.  The 
widespread  and  varied  positions  which  fungi 
occupy  in  man’s  present-day  scheme  of 
living  have  caused  the  incidence  of  mutant 
strains  to  become  important  economic  fac¬ 
tors.  For  example,  the  plant  breeder  and 
the  agriculturist  must  fear  the  sudden  ap¬ 
pearance  of  “races”  of  plant  pathogens  with 
altered  pathogenicity  potentials  which  may 
be  capable  of  attacking  supposedly  resistant 
varieties  of  economic  crop  plants.  Like¬ 
wise  in  the  fermentation  industries,  where 
so  much  is  based  upon  an  organism’s 
capacities  for  producing  small  quantities  of 
certain  metabolic  products,  constant  guard 
must  be  kept  against  mutants  of  lesser 
capacity  dominating  the  master  culture. 

Observations  that  the  rate  of  appearance 
of  mutants  in  the  fungi,  particularly  in  cul¬ 
ture  on  artificial  media  in  the  laboratory, 
was  influenced  by  such  environmental  fac¬ 
tors  as  temperature,  light,  pH,  accumula¬ 
tion  of  staling  products,  salt  concentrations, 
and  medium  constituents  led  to  organized 
plans  on  the  part  of  many  investigators  to 
apply  variations  of  these  and  other  condi¬ 
tions  in  an  attempt  to  cause  greater  numbers 
of  mutations  to  occur.  The  main  phase  of 
this  discussion  is  concerned  with  the  pro¬ 
gress  that  has  been  made  in  the  study  of 
this  problem  of  the  induction  of  mutations 
in  the  fungi.  Historically,  this  work  goes 
back  about  forty  years,  but  it  is  only  within 
the  last  decade  that  microorganisms  have 
become  favorite  subjects  for  the  study  of 
mutation  and  inheritance.  That  they 
should  ultimately  have  attained  this  posi¬ 
tion  is  not  surprising  when  the  tremendous 
populations  that  may  be  worked  with,  the 
rapid  turnover  of  generations,  and  the 
facility  provided  for  rigidly  controlling  con¬ 
ditions  for  all  members  of  a  population  are 
compared  with  the  much  slower  generation 
time  and  greater  difficulty  involved  in  con¬ 
trolling  conditions  uniformly  in  the  higher 
plants  and  in  animals. 


The  agencies  found  to  be  useful  in  the 
stimulation  of  organisms  to  increased  rates 
of  mutation  fall  chiefly  into  two  categories, 
radiations  and  chemical  substances.  Be¬ 
fore  proceeding  to  a  consideration  of  the 
radiation  work,  it  may  be  well  to  point  out 
that  the  original  observations  on  the  muta¬ 
genic  potentialities  of  many  of  the  agencies 
have  been  made  in  connection  with  studies 
on  Drosophila  or  other  higher  organisms 
and  only  later  applied  to  microbiological 
investigations.  Thus,  the  discovery  by 
Muller  in  1927,  that  mutants  can  be  pro¬ 
duced  artificially  in  Drosophila  by  X-ray 
treatments,  and  his  observation  that  the 
induced  mutation  rate  was  far  greater  than 
the  natural  rate  of  mutation  in  the  organism 
provided  the  impetus  for  the  tremendous 
volume  of  related  X-ray  work  which  has 
followed.  It  is  impossible  to  point  to  any 
single  investigation  which  supplied  a  similar 
stimulus  for  the  use  of  ultraviolet  light  as  a 
means  of  inducing  mutations.  Although 
the  lethal  action  of  ultraviolet  on  bacterial 
cells  was  clearly  established  as  early  as  1901 
by  Bie,  the  fact  that  some  of  the  organisms 
surviving  such  treatments  are  mutated  was 
not  recognized  for  many  years.  The  failure 
of  this  agency  to  receive  the  attention  it 
deserved  may  be  due  in  part  to  its  compara¬ 
tive  ineffectiveness  in  much  of  the  early  in¬ 
duced  mutation  work  on  higher  plants,  a 
situation  undoubtedly  resulting  from  the 
absorption  of  the  ultraviolet  rays  by  somatic 
tissues  intervening  between  the  light  source 
and  the  germ  cells. 

After  working  out  a  method  with  Claus 
in  1936  whereby  each  bacterial  cell,  yeast 
cell,  or  fungus  spore  could  be  exposed  to 
approximately  equivalent  amounts  of  mono¬ 
chromatic  radiation,  Hollaender  collabo¬ 
rated  with  Emmons  in  1939  in  a  study  of 
the  induction  of  mutations  by  ultraviolet 
radiation  in  the  dermatophyte  Trichophyton 
mentagrophytes.  This  was  the  first  major 
attempt  to  correlate  the  effects  of  wave 
length  and  energy  absorbed  per  spore  with 
the  rate  of  mutation.  This  and  subsequent 
investigations  have  demonstrated  that  an 
ultraviolet  wave  length  of  2650  A  is  both 
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the  most  effective  in  killing  fungus  spores 
and  the  most  eflicient  in  the  induction  of 
mutations.  Wave  lengths  of  2280  A  pro¬ 
duce  high  killing  rates  and  low  mutation 
rates,  a  situation  possibly  related  to  a  pro¬ 
tective  action  in  the  fungi  associated  with 
the  high  continuous  absorption  of  rays  in 
the  2200  A  region  by  the  chitin  in  the  spore 
walls.  Wave  lengths  of  2967  A  give  low 
rates  of  both  mutation  and  killing,  while 
those  longer  than  3400  A  give  rise  to  no 
genetical  variants.  It  has  been  suggested 
that  the  absorption  of  ultraviolet  light  by 
the  nucleoproteins  of  the  chromosomes  pos¬ 
sibly  leads  to  the  genetic  effects  recorded, 
the  nucleic  acids,  which  show  a  high  ab¬ 
sorption  coefficient  at  the  2650  A  wave 
length,  being  the  active  agents  in  the  pro¬ 
cess.  Hollaender  and  Emmons  observed 
that  the  rate  of  mutation  increased  with 
energy  absorbed  per  spore  (that  is,  dosage 
or  time  of  exposure  at  a  constant  wave 
length)  up  to  a  certain  maximum  level  and 
then  decreased  with  further  increase  in 
energy.  Although  this  response  has  not 
been  observed  in  a  few  of  the  ultraviolet 
studies  of  mutation  in  the  fungi,  the  major¬ 
ity  of  subsequent  investigations  have  been 
substantiating  in  nature.  Hollaender  and 
his  collaborators  have  indicated  that  even 
higher  rates  of  mutation  can  be  attained 
by  the  incubation  of  irradiated  spores  in 
physiological  salt  solution  for  a  few  days 
before  plating  out  on  agar.  Ultraviolet 
radiation  may  cause  many  organisms  to 
display  aberrant  forms,  sometimes  desig¬ 
nated  as  “degenerate  phenotypes,”  which 
are  characterized  by  a  tendency  either  to 
die  out  or  quickly  to  revert  to  normal  after 
a  few  generations.  It  is  thought  that  this 
type  probably  is  not  the  expression  of  any 
genetic  change,  but  rather  is  due  to  a  cyto¬ 
plasmic  effect. 

Application  to  the  fungi  of  the  principle 
of  inducing  mutations  by  X  rays  did  not 
assume  major  importance  until  it  was  used 
on  Neurospora  crassa  by  Lindegren  and 
Lindegren  in  1941,  and  even  then  only  small 
attention  was  given  to  correlation  of  dosage 
to  rates  of  mutation.  More  concrete  data 


on  the  method  was  provided  by  later  in¬ 
vestigations,  such  as  that  of  Sansome,  De- 
merec,  and  Hollaender  on  Neurospora  in 
1945,  which  indicates  that  the  rate  of  muta¬ 
tion  with  X-ray  exposure  increases  with 
dosage  in  a  linear  manner  and  is  higher  at 
any  given  dosage  when  the  radiation  is 
applied  in  high  intensity  (5,400  r./min.) 
than  when  the  same  dosage  is  given  in  low 
intensity  (240  r./min.).  It  has  been  es¬ 
tablished  that  X  rays  cause  a  great  many 
actual  chromosomal  aberrations  and  re¬ 
arrangements.  Changes  in  an  organism 
which  may  be  attributed  to  such  causes 
cannot,  if  one  adheres  to  the  strictest  terms 
of  the  definition,  be  considered  true  muta¬ 
tions.  Most  investigators  include  these 
variants  among  the  mutant  forms,  however, 
since  it  is  frequently  not  feasible  to  detect 
the  actual  causes  for  the  modifications  ob¬ 
served. 

A  wide  variety  of  other  radiations  have 
been  used  to  stimulate  mutation  rates  in 
the  fungi,  including  among  others  cathode 
rays,  gamma  rays,  neutron  bombardment, 
and  urany)  nitrate.  In  general,  results 
achieved  with  these  agencies  have  been 
positive  but  with  rates  of  induced  mutation 
falling  far  below  those  attainable  with 
X  ray  or  ultraviolet  ray.  While  near  in¬ 
frared  radiation  alone  exerts  no  recognizable 
effect  on  mutation  rates  or  chromosome  re¬ 
arrangements,  Hollaender  and  Swanson 
have  demonstrated  with  Aspergillus  terreus 
that  a  pretreatment  with  near  infrared  at 
6,000-20,000  A  will  significantly  increase 
the  rate  of  X  ray-induced  mutations  as 
compared  to  that  of  X-ray  controls. 

Practical  application  of  the  capacity  of 
radiations  to  induce  mutations  in  micro¬ 
organisms  has  been  made  to  further  the 
advancement  of  other  fields  of  biological 
investigation.  The  fact  that  mutant  strains 
of  an  organism  may  show  varied  biochem¬ 
ical  activities  has  led  to  an  extensive  study 
of  such  forms  in  relation  to  metabolism, 
particularly  in  Neurospora  and  Penicillium, 
with  a  resultant  elucidation  of  a  number  of 
steps  in  the  S3mthesis  of  various  vitamins 
and  amino  acids.  Most  active  investiga- 
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j  tors  in  this  field  have  been  Beadle,  Tatum, 
Bonner,  Horowitz,  Mitchell,  and  their  many 
associates.  Beadle  postulates  that  if  proper 
conditions  of  experimentation  and  testing 
can  be  set  up,  the  probability  is  high  of  ob¬ 
taining  mutations  concerned  with  almost 
any  synthetic  process  in  an  organism. 
Deficiency  mutants  with  altered  nutritional 
requirements  have  proven  to  be  highly  use¬ 
ful  as  assay  organisms  for  such  substances 

■  as  />-aminobenzoic  acid,  choline,  and  leucine, 

■  growth  responses  being  comparatively  pro¬ 
portional  to  the  amount  of  the  factor  present 
in  the  material  being  tested.  The  induction 
of  mutations  by  radiation  treatments  has 
played  a  major  role  in  the  development  of 
antibiotics  produced  by  microorganisms. 
Outstanding  in  this  respect  is  the  genealogy 
of  Penicillium  chrysogenutn  in  relation  to 
penicillin  production,  with  the  major  suc¬ 
cesses  being  recorded  in  the  development 
of  X-1612  at  the  Carnegie  Institution  of 
Washington,  Biological  Laboratory,  Cold 
Spring  Harbor,  N.  Y.  by  X-ray  treatment 
of  conidia  of  NRRL  1951-B25,  and  the  sub¬ 
sequent  isolation  of  mutant  strain  Q176  at 
the  University  of  Wisconsin  following  ultra¬ 
violet  treatment  of  conidia  of  X-1612.  No 
doubt  major  improvements  have  been  made 
in  the  organisms  producing  streptomycin 
and  Chloromycetin  by  induced  mutation 
studies  in  the  industrial  laboratories.  I 
can  report  from  personal  experience  that 
ultraviolet  radiation  has  been  used  to  good 
advantage  in  our  laboratories  in  the  induc¬ 
tion  of  mutants  of  Streptomyces  aureofaciens 
capable  of  producing  quantities  of  aureo- 
mycin  well  in  excess  of  the  capacities  of  the 
original  soil  isolate. 

Historically,  the  search  for  chemical 
mutagens  is  very  old.  Even  after  the 
demonstration  of  the  effects  of  radiations  on 
mutation  rates,  the  quest  for  chemical 
agencies  was  not  abandoned,  since  it  is 
generally  believed  that  mutation  is  a  chem¬ 
ical  process  Therefore,  the  jjossibility 
exists  that  a  known  chemical  substance 
might  provide  a  better  lead  as  to  the  nature 
of  the  gene  itself.  The  geneticists’  regard 
of  the  radiations  as  too  drastic  and  indis¬ 


criminate  in  their  action  supplied  added 
stimulus  to  this  search.  Probably  the 
greatest  hazard  attendant  upon  the  use  of 
chemicals  to  induce  mutation  is  that  of 
achieving  penetration  deep  enough  to  reach 
the  chromatic  materials  of  the  cells  without 
having  to  use  concentrations  that  are  so 
strong  that  excessive  killing  results. 

While  the  first  well-organized  approach 
to  the  subject  in  the  fungi  was  made  in 
1939-40  by  Steinberg  and  Thom  when  they 
attempted  to  induce  mutations  in  Asper¬ 
gillus  niger  by  altering  gene  proteins  with 
a  variety  of  chemical  agents,  the  most  effec¬ 
tive  of  which  proved  to  be  NaNOj,  the 
subsequent  demonstration  in  Drosophila  by 
Auerbach  and  Robson  that  mustard  gas  is 
a  powerful  mutagenic  agent  provided  the 
real  impetus  for  the  development  of  this 
field.  Soon  included  in  the  scope  of  their 
work  was  a  series  of  chemically  related  com¬ 
pounds,  sulfur  mustard  and  the  nitrogen 
mustards.  All  of  these  substances  are 
strong  vesicants  and  all  proved  to  be  ex¬ 
cellent  agents  for  the  induction  of  mutations 
in  Drosophila. 

Confirmatory  evidence  of  the  efficiency 
of  mustards  as  mutagens  for  microorganisms 
has  accumulated  rapidly  in  the  last  four 
years.  Mutation  rates  in  Neurospora  crassa 
treated  with  nitrogen  mustard  were  found 
to  be  similar  to  those  obtained  by  ultra¬ 
violet  radiation,  and  even  higher  rates  were 
reported  when  germinating  spores  were 
treated.  The  data  of  Tatum  and  of  Giles 
suggests  that  the  types  of  mutants  induced 
in  Neurospora  by  the  various  mustards  are 
both  quite  similar  to  each  other  and  to  the 
ultraviolet  derived  mutants,  those  char¬ 
acterized  by  an  inability  to  synthesize 
methionine  being  the  most  frequently  oc¬ 
curring  class  of  biochemical  variants  ap¬ 
pearing  as  a  result  of  treatments  with  any 
of  these  agencies.  Other  microorganisms 
which  have  responded  to  nitrogen  mustard 
treatments  with  increased  mutation  rates 
include  P.  notatum,  Coprinus  fimelarius 
Aspergillus  nidulans,  and  E.  coli. 

The  understanding  of  the  mode  of  action 
of  the  mustards  has  not  advanced  far  be- 
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yond  the  h3T5othesis  stage.  A  similarity 
between  the  genetic  effects  of  the  mustards 
and  of  X  rays  has  been  suggested  by  the 
Drosophila  studies,  the  main  points  of 
difference  being  in  the  greater  number  of 
chromosomal  rearrangements  occurring  in 
the  irradiated  material  and  the  apparently 
delayed  mutation  which  may  result  follow¬ 
ing  mustard  treatment.  Since  it  has  been 
chemically  demonstrated  that  the  mustards 
react  with  various  amino  acids,  ‘such  as 
arginine,  methionine,  and  threonine,  it  is 
reasonable  to  suppose  that  these  highly 
reactive  substances,  with  their  unsaturated 
nitrogen  or  sulfur  atoms,  may  possibly  com¬ 
bine  with  the  proteins  of  the  genetic  ma¬ 
terials  of  the  cell  and  alter  them  in  such  a 
manner  as  to  cause  a  change  in  the  subse¬ 
quent  manifestations  of  the  organism. 

So  long  and  diverse  is  the  list  of  chemicals 
which  have  been  tried  as  mutagenic  agents 
in  recent  years,  that  we  must  limit  our  atten¬ 
tions  here  to  a  brief  mention  of  those  which 
have  produced  positive  reactions  in  tests  on 
microorganisms.  The  alkaloid,  colchicine, 
so  widely  used  in  higher  plants  to  produce 
polyploid  forms,  has  been  used  to  induce 
“giant”  races  in  P.  notatum  but  generally 
has  enjoyed  very  limited  success  and  usage 
in  mycological  work.  Included  in  the  list 
of  substances  shown  to  induce  at  least  slight 
increases  in  mutation  rates  in  microorgan¬ 
isms  are  camphor,  allyl  isothiocyanate, 
various  carbamates,  benzimidazole,  acri- 
flavine,  theophylline,  and  caffeine.  Very 
recently,  Demerec  has  shown  that  a  variety 
of  carcinogens  belonging  either  to  the  poly¬ 
cyclic  hydrocarbons  or  to  the  azo-  com¬ 
pounds  are  capable  of  inducing  mutation 
in  Drosophila.  Little  is  yet  known  con¬ 
cerning  the  reaction  of  fungi  to  these  agen¬ 
cies.  The  scattered  favorable  reports  of  the 
use  of  miscellaneous  chemical  compounds  to 
induce  mutations  in  the  fungi  serve  as  the 
basis  for  continued  interest  in  further  ex¬ 
ploration  of  the  field. 

Recent  years  have  seen  a  growing  interest 
in  combination  treatments  to  induce  muta¬ 
tion,  although  their  use  has  been  almost 
exclusively  limited  to  animal  and  higher 


plant  studies.  However,  Swanson  and 
Goodgal  have  demonstrated  that  weak, 
nonmutagenic  doses  of  nitrogen  mustard 
followed  by  a  normal  ultraviolet  radiation 
will  markedly  increase  mutation  rates  in 
A.  terreus  over  and  above  that  obtainable 
with  the  radiation  treatment  alone. 

Stone  and  his  associates  have  conducted 
a  series  of  experiments  with  Staphylococcus 
aureus  which  have  shown  that  pretreatment 
of  media  with  ultraviolet  light  induces 
marked  increases  in  the  rate  of  mutation  in 
organisms  subsequently  grown  upon  it.  ] 
Similar  results  were  recorded  when  1  to  6 
ppm.  of  hydrogen  peroxide  were  added  to 
the  medium  in  place  of  the  irradiation  treat¬ 
ment.  More  recently,  the  method  has  been 
applied  to  Neurospora  crassa  and  extended  | 
to  include  a  series  of  organic  peroxides,  all  j 
of  which  show  mutagenic  potentialities.  J 
It  has  long  been  known  that  ultraviolet  ! 
radiation  of  water  produces  considerable  j 
quantities  of  hydrogen  peroxide.  This 
recent  work  adds  evidence  in  support  of  i 
the  hypothesis  that  ultraviolet  light  possibly 
increases  mutation  rates  because  of  the 
formation  of  peroxide  compounds  in  media  j 
or  cells  subjected  to  radiation.  ) 

It  is  hoped  that  his  brief  review  has  em-  I 
phasized  the  great  progress  that  has  been  | 
made  in  the  induction  of  mutations  during  ! 
the  last  fifteen  years.  This  study  is  now  I 
a  vitally  active,  growing  field  of  scientific  ' 
endeavor.  Although  an  absolute  com-  I 
prehension  of  means  by  which  the  various  j 
agencies  bring  about  changes  in  the  genetic 
materials  of  the  organisms  is  not  possible 
at  this  time,  working  theories  and  hypoth¬ 
eses  have  been  advanced,  and  real  prog¬ 
ress  tow'ard  this  understanding  is  being 
made. 
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OPENING  AND  DEDICATION  OF  THE  ACADEMY  BUILDING 


On  April  11,  1950,  The  New  York 
Academy  of  Sciences  officially  opened  its 
new  home  at  2  East  Sixty-third  Street  with 
a  formal  reception  marking  the  beginning 
of  the  celebration  for  The  Academy’s 
Members  and  their  Guests.  The  dedica¬ 
tory  program  was  as  follows:  President 
Crossley  gave  the  address  of  welcome; 
Doctor  Detlev  W.  Bronk,  President  of 
John  Hopkins  University,  delivered  an 
address  emphasizing  the  role  of  The  New 
York  Academy  of  Sciences  as  a  forum  for 
the  presentation  and  discussion  of  scientific 
ideas.  Doctor  George  B.  Pegram,  \'ice- 
President  of  Columbia  University  and  of 
the  Academy,  dedicated  the  new  building. 

The  Academy  held  open  house  with  recep¬ 
tion,  from  three  to  seven  o’clock,  on  each 
of  the  four  days  from  April  11th  to  April 
14th,  for  the  Members  and  their  Guests. 
Attendance  for  the  period  totaled  2,592. 
A  special  feature  of  the  House  Opening 
Celebration  was  an  exhibition  of  paintings 
and  sculpture  by  Joel  Stolper,  well-known 
animal  painter;  an  exhibit  of  photographs 
of  famous  scientists  by  Doctors  Harden  F. 
Taylor,  J.  A.  Aeschlimann,  and  M.  F. 
Furter;  as  well  as  two  flower  paintings  by 
Sidney  Hatchell,  of  Mystic,  Connecticut. 
The  gardens  and  floral  decorations  were 
arranged  by  Mr.  Hatchell.  Music  was 


rendered  by  an  orchestra  under  the  direc¬ 
tion  of  Jerry  Lloyd. 

The  Address  by  President  M.  L.  Crossley 
follows. 

ADDRESS  OF  WELCOME 
By  PRESIDENT  M.  L.  CROSSLEY 

Great  occasions,  like  great  deeds,  result 
from  persistent  endeavor.  This  is  such 
an  occasion;  the  culmination  of  a  long 
struggle  to  secure  a  home  for  the  Academy. 
Faith,  hope,  and  good  works,  welded  into 
an  effective  force  by  the  gracious,  persua¬ 
sive,  dynamic  personality  and  indomitable 
will  of  the  Executive  Director,  Mrs.  Eunice 
Thomas  Miner,  have  finally  achieved  suc¬ 
cess  and  brought  us  to  this  historic  moment 
of  jubilation,  which  we  wish  to  have  you 
share  with  us. 

We  welcome  you  to  our  party;  we  are 
glad  you  could  come.  You  will  see  what 
we  have  now  and  think  of  its  potential 
possibilities.  Some  of  you  will  be  privileged 
to  participate  in  the  scientific  work  of  the 
Academy  and  will  enjoy  the  service. 
Others  will  have  the  satisfaction  of  knowing 
that  their  contributions  to  the  physical 
resources  of  the  institution  will  have  helped, 
in  time,  to  establish  the  greatest  scientific 
center  in  the  world. 
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We  are  grateful  to  all  who  have  helped 
us  to  realize  our  aims  thus  far.  We  hope 
to  have  their  continued  interest  and  help — 
both  members  and  friends.  Particularly 
do  we,  at  this  time,  acknowledge  our  great 
debt  of  gratitude  to  the  Woolworths  for 
their  generosity  and  splendid  foresight  in 
making  this  building  available  to  the 
Academy  for  a  scientific  center  in  New  York. 
Also,  we  are  not  unmindful  of  the  debt  we 
owe  to  all  who  have  served  the  Academy 
so  well  throughout  the  long  years  of  its  past 
history  and  who  have  made  this  occasion 
possible.  Their  contributions  are  fused 
into  the  very  life  of  the  institution  and  help 
to  guide  its  future  course  of  action.  To  the 
Qfi&cers  of  the  Council,  Committees,  and 
Administrative  Staff;  to  the  architect,  Mr. 
W.  Stuart  Thompson,  and  the  other  friends 
whose  counsel  and  aid  have  been  so  gen¬ 
erously  given,  we  express  our  deep  apprecia¬ 
tion  and  offer  sincere  thanks. 

One  hundred  and  thirty-three  years  is  a 
long  time  in  the  life  of  this  nation.  On 
February  twenty-fourth  last,  the  Academy 
attained  this  ripe  old  age,  but  without  any 
signs  of  senility.  On  the  contrary,  it  is  a 
vigorous,  active,  purposeful  institution  with 
great  capacity  for  service  to  the  sciences. 
Its  plan  of  action  enables  investigators  of 
the  different  phases  of  a  problem  to  report 
their  results  and  to  confer  with  one  another 
regarding  the  significance  of  their  findings. 
These  reports,  when  thus  evaluated  and 
published  in  the  Annals  of  the  Academy, 
serve  as  full  and  authoritative  records  of 
what  has  been  accomplished.  The  con¬ 
ferences,  under  expert  leadership,  endeavor 
to  cover  each  subject  as  fully  as  possible, 
giving  the  scientific  investigators  in  the 
field  the  opportunity  to  present  and  eval¬ 
uate  critically  all  the  information  available, 
so  that  the  knowledge  resulting  will  be  a 
full  and  complete  unit  for  use  of  other  in¬ 
terested  investigators.  This  purpose  is 
steadfastly  maintained.  Solidarity  in 
action  is  dependent  upon  oneness  of  pur¬ 
pose.  This  the  .\cademy  has. 

Individual  fragments  of  knowledge,  like 
gold  dust  in  alluvial  soil,  have  no  value  until 


assembled,  correlated,  and  evaluated.  The 
conference  plan  permits  the  Academy  to 
seek  those  who  have  fragments  of  e.xperi- 
mental  evidence  and  gems  of  thought  which 
they  can  fit  into  a  composite  picture  to  re¬ 
veal,  not  only  the  true  significance  of  what 
has  been  accomplished,  but,  what  is  usually 
equally  important,  the  missmg  fragments  1 
needed  to  give  the  picture  reality  and  value.  < 
There  are  many  facets  to  a  scientific  gem  i 
of  knowledge.  The  most  important  of  these  i 
are  seldom  obtained  by  direct  application  1 
of  wholly  new  concepts.  What  appears  to  ( 

be  new  is  generally  a  comp)osite  of  the  old  1 

and  the  new,  with  never  before  recognized  i 
implications  and  challenging  significance  so  i 

striking  as  to  obscure  its  true  sjnnbiotic  ( 
nature.  Such  knowledge  more  often  lies  1 

at  the  apex  of  a  pyramid  whose  base  and  1 
sides  are  composed  of  an  intricate  mosaic  of  ^ 
supporting  facts  derived  from  the  informa-  1 

tion  secured  as  a  result  of  many  different  |  £ 
types  of  investigations,  touching  on  various  !  i 
phases  of  the  problem.  The  interfusion  c 
of  related  facts  leads  to  the  knowledge  re-  i 
quired  to  chart  the  course  to  follow  for  new  c 
discoveries.  g 

The  role  of  the  Academy  in  helping  to  ii 
see  that  the  results  of  scientific  investiga-  0 
tions  become  available  in  the  world  of  t 
affairs  can  go  on  now  with  accelerated  speed.  a 
Better  facilities  will  enhance  the  service  c 
rendered  by  the  many  scientists  who  labor  o 
willingly  and  loyally  for  this  institution  and  d 
the  public  it  serves.  Buildings  and  equip-  T 
ment  are  only  auxiliary  to  this  service,  how-  d 

ever,  and,  in  the  main,  the  work  of  the  s( 

Academy,  as  in  the  past,  will  be  measured  i  ir 
in  terms  of  the  caliber  of  the  people  who  1  c< 
serve  it.  The  greater  the  achievements  of  al 
science  and  technology,  the  more  need 
there  is  for  vision  and  competence  in  those  |  re 
who  recognize  and  interpret  scientific  re-  |  aj 
suits.  I  w 

Any  appraisal  of  what  lies  ahead  in  j  tii 
opportunities  for  the  Academy  must  be  1  fo 
based  on  an  understanding  and  appreciation  I  ci: 
of  its  work  in  the  past  and  the  relation  of  j  ac 
this  to  the  advancements  in  the  sciences. 

Much  of  great  significance  has  happened  in 
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science  in  the  United  States  and  in  the  en¬ 
tire  world  during  the  life  span  of  the 
Academy.  The  combined  powers  of  science 
and  technology,  aided  by  industry,  have 
brought  into  being  materials  and  things 
which  have  greatly  improved  human  well¬ 
being.  Basic  to  this  accomplishment  have 
been  the  discoveries  of  the  essential  features 
of  atomic  and  molecular  architecture  re¬ 
sponsible  for  the  properties  of  matter;  the 
nature  of  disease  and  its  causative  agents; 
the  essential  biochemistry  involved  in  many 
of  life’s  processes,  including  glimpses  into 
the  marvelously  interesting  and  complicated 
steps  controlled  by  specific  chemical  sub¬ 
stances  such  as  enzymes  and  hormones  pro¬ 
duced  by  definite  biological  structures  when 
needed;  genes  and  their  role  in  heredity; 
the  chemotherapy  of  infectious  diseases, 
with  synthetic  drugs  and  antibiotics  saving 
many  from  untimely  death;  the  causative 
agents  in  certain  cancers  and  the  trans¬ 
plantation  of  cancers  in  animals,  with  ac¬ 
cumulating  knowledge  of  their  common 
properties  and  requirements,  as  well  as  the 
conditions  required  for  their  growth;  the 
growth  of  cancer  tissue  outside  of  the  body 
in  artificial  media  and  the  transformation 
of  normal  cells  into  cancer  cells  which  can 
then  be  implanted  into  animals,  survive, 
and  grow  resembling  types  of  spontaneous 
cancer;  the  mutation  of  plant  and  animal 
cells;  and  the  realization  of  the  alchemist’s 
dream  of  the  transmutation  of  the  elements. 
These  and  many  more  equally  [important 
discoveries  have  resulted  from  the  work  of 
scientists  in  many  different  laboratories 
in  many  countries  and  have  added  to  the 
common  store  of  knowledge  available  to 
all  mankind. 

The  Academy  has  been  concerned  with 
many  of  these  developments  in  the  past 
and  will  continue  to  play  an  important  role 
with  such  progress  in  the  future.  In  addi¬ 
tion,  it  must  now  assume  the  leadership  in 
focussing  attention  on  the  scientific  prin¬ 
ciples  governing  man’s  behavior  in  his 
adjustment  to  a  changing  environment, 
i  The  chemical  and  physical  changes  result- 
mg  in  response  to  physiological  stresses  due 


to  the  impact  of  environmental  conditions 
and  the  effect  of  such  changes  on  emotional 
and  mental  states,  with  the  resulting  be¬ 
havior  patterns,  must  be  understood  and 
interpreted,  so  as  to  help  man  in  shaping  his 
judgments  that  he  may  act  with  wisdom  and 
tolerance. 

There  is  much  information  scattered 
among  the  scientific  publications  on  special 
bits  of  evidence  from  animal  experimenta¬ 
tion  and  some  from  clinical  observations  of 
nervous  disorders  and  insanity  in  man  that, 
when  correlated  and  evaluated,  may  furnish 
valuable  data  which  would  serve  as  a  guide 
to  future  study  of  the  problem.  In  our 
anxiety  over  the  physical  ills  that  beset  man, 
we  are  prone  to  overlook  the  mental  de¬ 
rangements  which  are  both  costly  and 
dangerous  for  the  body  politic. 

In  spite  of  the  fact  that  a  large  percentage 
of  all  the  hospital  beds  in  this  country  are 
occupied  by  mental  cases,  the  continued 
inhuman  treatment  of  many  of  these  un¬ 
fortunates  reduces  them  to  the  status  of  lost 
souls.  I  hope  that  the  Academy  will  give 
careful  consideration  to  the  sponsoring  of 
a  world  conference  here  in  New  York  next 
year,  perhaps  at  the  time  of  the  meeting  of 
the  Twelfth  International  Congress  of 
Chemistry,  at  which  the  essential  experi¬ 
mental  data  bearing  on  this  subject  may  be 
presented  and  evaluated. 

Much  stress  has  been  placed  on  the  con¬ 
tributions  of  science  to  the  material  prog¬ 
ress  of  mankind.  However,  it  is  not  what 
a  man  has  but  what  he  is  that  determines 
his  behavior  in  society.  No  greater  truth 
has  ever  been  spoken  than,  “man  does  not 
live  by  bread  alone.”  Its  significance  is 
ageless  and  its  application  universal.  Ma¬ 
terial  possessions  in  themselves  have  no 
power  to  satisfy  man’s  aspirations  and  keep 
ever  before  him  that  vision  of  greatness 
essential  to  full  and  considerate  living. 

The  knowledge  and  the  products  which 
result  from  the  achievements  of  science  and 
technology  do  not,  in  themselves,  assure 
fullness  of  life  or  prosperity.  This  depends 
upon  their  proper  use.  They  may  be  em¬ 
ployed  for  the  good  of  society  or  they  may 
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be  used  as  tools  and  instruments  of  destruc¬ 
tion.  What  one  does  with  what  he  has  de¬ 
pends  upon  his  sense  of  spiritual  and  moral 
values  and  not  on  scientific  laws  and  tech¬ 
nological  skill.  However,  science  can  not 
take  refuge  behind  the  statement  that  its 
function  is  only  to  provide  the  knowledge 
by  which  the  material  things  of  life  may  be 
made  available.  It  must  share  the  responsi¬ 
bility  with  those  who  use  the  knowledge  for 
what  is  done  with  that  which  it  creates. 
Maximum  human  good  must  result  from 
the  interfusion  of  ideals  and  practical 
achievements. 

Some  critics  blame  science  and  tech¬ 
nology  for  most  of  the  ills  of  modem  society, 
seeing  in  the  products  of  the  scientific  age 
the  means  for  destroying  the  moral  fiber  of 
man  and  converting  him  to  an  irresponsible, 
selfish,  cmel,  intolerant  being,  fostering 
wars  which  will  ultimately  destroy  our 
civilization.  This  is  nonsense.  The  misuse 
of  the  good  things  of  life,  regardless  of  how 
they  are  provided,  results  from  certain  de¬ 
fects  in  human  character.  It  stems  from 
selfishness,  suspicion,  and  jealousy,  which 
are  not  the  result  of  scientific  discoveries  or 


the  technological  developments  of  these. 
They  have  always  played  tragic  roles  in  the 
history  of  mankind. 

It  is  pertinent  to  inquire  if  the  methods 
of  science  could  not  be  applied  to  the  im¬ 
provement  of  human  relationships.  Science 
seeks  facts,  arranges  them  in  proper  order, 
evaluates  the  results  without  prejudice,  and 
interprets  their  significance  in  relation  to 
the  conditions  surrounding  the  problem. 
What  catastrophes  might  be  avoided  in  the 
future  if  the  scientific  method  were  applied 
to  the  solution  of  international  problems! 

Much  has  been  accomplished  by  science 
in  penetrating  to  the  core  of  the  atom  and 
to  the  heart  of  the  gene.  The  knowledge 
gained  should  tend  to  create  a  better  world  i 
— one  in  which  all  peoples  can  live  in  peace 
and  harmony.  The  power  derived  from 
atomic  energy  should  enhance  social  and 
economic  progress,  if  we  would  talk  less 
about  its  devastating  potentialities  in  war 
and  concern  ourselves  more  with  its  de¬ 
velopment  for  peaceful  pursuits.  The  will 
for  peace  is  the  only  sure  power  factor  that 
can  prevent  war  and  its  consequences.  i 
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